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PREFACE

In 1984, three important factors modified the NASA planning
environment. That year the Space Shuttle became operational, the Space
Station program received strong presidential support, and Congress
mandated the creation of a National Commission on Space to survey the
space program and recommend future strategies and missions. In this
environment, a study of manned Mars missions was initiated at the
suggestion of former astronaut, H. H. Schmitt.

A study of approximately five (5) months' duration was undertaken by
NASA centers and the Los Alamos National Laboratory (LANL), assisted by a
few experts from university and other governmental organizations. The
purposes were to update earlier Mars missions study data, to examine the
impact of new and emerging technologies on Mars mission capabilities, and
to identify technological issues that would be useful in projecting
scientific and engineering research in the coming decades. In the first
half of 1985, the study team held meetings at Los Alamos National
Laboratory, Johnson Space Center, Kennedy Space Center, and Marshall
Space Flight Center. Michael Duke served as Chairman of the steering
committee for the study, with membership consisting of representatives
from NASA centers and LANL (including H. H. Schmitt as a consultant).
Barney Roberts provided study coordination and integration.

The final meeting was held at the Marshall Space Flight Center
(MSFC), June 10-14, 1985, as a workshop entitled "Manned Mars Missions."
A few additional outside experts participated in the workshop, and a
total of over 90 invited and contributed papers were presented there.
This report contains papers from the workshop. The papers and authors
are listed in the Table of Contents; the authors are listed alphabeti-
cally, along with their organizational affiliations, in Appendix A.

The papers were grouped into nine (9) sections at the workshop, and

the same grouping format has been followed in this report. Each section
had an editor who was responsible for a major part of the editing
process. The section and editors were: Rationale, Michael Duke:
Transportation Trades and Issues, Barney Roberts; Mission and
Configuration Concepts, John Butler; Surface Infrastructure, James
Blacic; Science Investigations and Issues, Paul Keaton; Life

Science/Medical Issues, Joseph Sharp; Subsystems and Technology
Development Requirements, James French; Political and Economic Issues,
Kelley Cyr; and Impact on Other Programs, Barbara Askins. Overall
editing of the report was done by John Butler and S. T. Wu. MSFC and
personnel of the University of Alabama in Huntsville hosted the workshop
and provided logistics support for the report.

Some of the data provided herein may have become slightly outdated
since the workshop. This is probably more likely to be the case for some
of the data on the assumed "then-existing infrastructure” for the
timeframe of the manned Mars missions, since the activities from which
such data were obtained are on-going and dynamic processes. Most notable
of such cases might be the Space Station data, and in particular, its
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configuration. However, it 1s believed that such changes would not
significantly alter the concepts and conclusions presented in this
report.

Many unanswered questions remain, and much work must yet be done in
many areas. It is hoped that this report might provide a basis and a
stimulus for furthering this process.

A summary report has been published separately as NASA Report MO0O1,
Manned Mars Missions Working Group Summary Report, May 1986.
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ASTRONOMY ON A MANNED MARS MISSION

Jack 0. Burns
Institute For Astrophysics
Department of Physics and Astronomy
University of New Mexico
Albuquerque, NM 87131

NB87-17761

ABSTRACT

Three extra-solar-system astronomical experiments aboard a manned
Mars mission are proposed. First, a modest, 50-cm aperture optical-uv-IR
telescope (or pair used as an interferometer) coupled with the Mars-Sun
baseline would increase the number (by a factor of 3.4) and a volume of
stars with accurately measured distances via stellar parallax and, there-
fore, greatly improve upon the cosmic distance scale; the darker sky at
Mars would also provide nearly a full astronomical magnitude deeper
images of distant and low brightness objects (limited by zodiacal
light). Second, a gamma-ray burst detector coupled with similar detec-
tors in other parts of the solar system will be used to reduce the
position error boxes and to study the nature of these energetic sources.
Third, the long baselines on a Mars mission radio interferometer will
provide a view of the radio universe at unprecedented resolution,
4 x 10_9 arcsec at 1-mm wavelength, which can potentially resolve the
"engine” in nearby active galaxies. Each of these experiments is rela-
tively inexpensive, taking advantage of the human presence for operation
and maintainance, and the long Earth to Mars baselines.
INTRODUCTION

The duration of a manned mission to Mars may be anywhere from one
to three years. The majority of this time will be spend in transit,
going to and returning from the planet. What scientific activities will
occupy the attentions of the crew during the long voyage? One can
envision several useful and possibly unique astronomical experiments that
could be performed during the flight with minimal additional cost to the
mission.

The trip to Mars should not be viewed simply as a long wait before
the commencement of productive scientific endeavors. To the contrary, a
manned Mars mission could present us with an unprecedented opportunity
to study the cosmos, free of the confinement of the Earth-Moon system.

The spacecraft could serve as an interplanetary platform to house
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important scientific experiments not currently possible in our local
environment, These experiments could provide data for scientists back on
Earth as well as challenge the scientists and engineers aboard the
spacecraft.

We propose three criteria for selecting astronomical experiments.
First, they must be in some sense superior to what could be performed on
the Earth, in Earth orbit, or on a future lunar base. Therefore, the
Mars mission scientific station could genuinely add to our knowledge of
the Universe. Second, the experiments should represent a minimal
additional cost to the mission. A significant cost savings can be
realized over that of completely automated space probes by using the crew
to operate and maintain the telescope instrumentation. Third, where
possible, they should allow (or even require) human judgement and
possible human intervention to maximize the available science and to take
advantage of unexpected research opportunities in flight. The
experiments could be more complex and ambitious than those on an
unmanned probe since human beings will be present to operate and adapt
the equipment to the environment or unanticipated changes 1in the
experimental goals.

OPTICAL-UV-IR OBSERVATIONS

The Hubble Space Telescope is the first major optical-uv-near-IR
spaceborne observatory. The primary mirror has a diameter of 2.4-meters
and the principle imaging detector (wide-field camera) operates over the
wavelength range of 1155 nm to 1100 nm. Such a wavelength range is
unprecendented because of the previous atmospheric constraints of ground-
based optical telescopes. This facility is the first major optical
astronomical telescope that will reach the diffraction limit of resolu-
tion. The wide-field camera and the faint object camera will have point
response functions for as little as 0.04 arcseconds (FWHM) in the middle
of the optical band in the longest focal ratio mode; the faint object
camera can achieve a resolution of 0.007 arcsec in very narrow fields.

One might envision a more modest aperture telescope, say 50-cm in
diameter, operating over about the same wavelength range, for
astronomical observations on the Mars mission. At a wavelength of 200
nm, this telescope has an impressive diffraction-limited resolution of
0.08 arcsec. Astrometric centroid positions of stellar objects can be
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measured nearly a factor of ten more accurately. A pair of such
telescopes, operating as an interferometé}, could achieve astrometric
position accuracy similar to that of the star tracking telescopes on the
Space Telescope (ST), namely 0.002 arcsec. The cost of this telescope
(or pair) would be quite small in comparison to ST. Once again, the vast
majority of the $109 cost of ST is due to the required unmanned
automation and great weight of this free-flying observatory. On the
other hand, a 50-cm telescope is cheap to manufacture and very
inexpensive to operate on a manned mission since astronauts will point
the telescope, change and maintain detectors, record the data, and
provide in-flight calibration of this data. With the new lightweight
mirror designs, launch costs will also be minimal.

What purposes will be served by having a moderate-sized optical
telescope aboard the spacecraft? First, it represents the only
astronomical experiment that we will propose which allows astronauts to
visually inspect the fields at which they are pointing. The astronaut-
observers will be able to visually roam across a magnificently dark sky.
In the vicinity of Mars, the flux of energy from the Sun is decreased by
a factor of about 2.3, which corresponds to nearly one astronomical
magnitude, in comparison to that near the Earth, Currently, the Space
Telescope 1is projected to have a sensitivity of about 28™ ip the visual
band for point sources, which corresponds to a flux of 2.2x10 1°
Watts m—z. This 1limit is due primarily to the readout noise of the
charge-coupled device detector in the wide-field camera. If the detector
technology continues to improve at the rapid pace of the past decade,
then we will quickly become limited by the sky brightness in space
(zodiacal 1light). Even the modest aperture Mars telescope offers an
advance in terms of reduced sky background over the terrestrial environ-
ment. In addition, the on-board scientists will have some degree of
freedom to select their own observations such as monitoring galaxies for
supernova explosions or accurately tracking stellar positions and/or
velocities for signs of perturbations by other planetary systems.

Second, such a telescope will be needed to monitor the Sun for
potentially lethal solar flare activity. This will be one of the most

important safety features of the mission (see Hathaway in this volume).
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Third, important observations utilizing the longer Earth-Mars or
Mars-Sun baselines could also be performed. One of the most important
involves stellar parallax studies of more distant stars. Our knowledge
of the size and future evolution of the Universe hinges strongly on how
accurately we know the distance to the stars in our local neighborhood of
the Milky Way Galaxy. This provides the foundation upon which the cosmic
distance 1ladder is constructed. The classical technique used to
determine distances to nearby stars, stellar parallax, is illustrated in
Figure 1. The longer the baseline and the smaller the seeing disk for
stars, the further away one can directly measure the distance. The
smallest parallax angle, p, which can be measured from the ground is
about 0.05 arcsec. This corresponds to a maximum distance of about 65
lightyears. This situation has remained nearly constant since the middle
of the 19th century. The first major advance will come with the launch
of Hipparchus satellite by the European Space Agency. This telescope
will be capable of measuring stellar parallaxes to +0.002 arcsec,
similar to the Space Telescope. An optical telescope in orbit about Mars
will increase the baseline by about a factor of 1.5. If we
conservatively assume the same parallax measurement uncertainty
(presently limited by instrumental jitter), then the maximum distance
becomes 2500 ly. The number of stars accessible for parallax study
increases by a factor of 3.4 over that possible in LEO. This will
represent a major advance in calibrating the extragalactic distance
scale. {The above assumes a relatively clean environment near the
telescope/spacecraft.)

HARD X-RAY AND GAMMA-RAY BURST EXPERIMENT

During the early and middle 1970's, enigmatic, extraterrestrial
sources of hard x-ray (>10 keV) and gamma-ray (100 keV to 1 MeV)
radiation were discovered by a set of Vela satellites which were launched
by the Department of Defense. These sources are characterized by a brief
(0.01 to 80 seconds) burst of emission which rises hundreds to thousands
of times higher than the quiescent background. The distribution of these
sources of energetic photons suggest that they are confined primarily to
our Galaxy.

Our understanding of these sources has remained poor during the last
decade and a half. The best theoretical models suggest that the gamma-
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ray bursts originate from the vicinities of neutron stars. The emission
may be produced by matter accreting onto the surfaces of the compact
objects or may be due to magnetic field line reconnection resulting from
instabilities in the magnetic field geometry. These models are
consistent with the size estimates from the burst durations and from the
one optical identification made with a supernova remnant in the Clouds
of Magellan (Neutron stars are believed to be superdense remnant cores of
massive stars which have exploded spectacularly in supernova; e.g., the
Crab pulsar).

Information on the gamma-ray bursters has remained sparse for three
reasons. First, the hard x-ray and gamma radiation is absorbed by the
Earth's atmosphere. Therefore, all observations must be performed from
space. Second, the sensitivity of the present detectors is relatively
poor, partly because they must also cover a large area of sky. Third,
there is at present no method for imaging these very high energy photons.
The detection of a strong gamma-ray source with a single detector will
typically have a position uncertainty of 12-2°. With these error boxes,
it is impossible to make optical identifications of the sources of the
radiation.

However, it is possible to pinpoint the location of these sources
using several detectors located at different positions in the solar
system. By comparing the arrival times of the bursts in the different
detectors, one can determine the direction of the incoming photons. The
longer the baselines and the larger the numbers of spacecraft, the more
accurately the source position can be determined. The Soviet Konus
experiment using eleven separate detectors spread throughout the inner
solar system, including four on the Venus Venera probes, was able to
reduce the position error box of the March 5, 1979 event so that an
optical ID with the supernova remnant in the Magellanic Clouds became
possible.

We often find that there are too few spacecraft available to perform
these coincidence experiments or even to confirm a gamma-ray burst. The
situation will improve with the 1988 launch of the Gamma-Ray Observatory.
The detectors will be 10-100 times more sensitive than those on previous

spacecraft and will cover a wider range of energies.
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A gamma-ray burst detector on the Mars mission would add
significantly to our understanding of these sources. The substantially
longer baseline could reduce position uncertainties by factors of 2 to 10
when coupled with other detectors in the inner solar systenm. The
sensitivity will certainly be much greater than is currently possible, so
that accurate measurements of line radiation within the burst can be
performed. There have been suggestions of lines in the range of 40 to 70
keV in the Konus data; the most popular interpretation involves cyclotron
radiation.

In any event, if such a detector were on board the manned Mars
mission, it would almost certainly add to the interpretation of the
physics of these energetic sources. Again, the human presence will
reduce the cost and increase the flexibility of these relatively simple
detectors.

A MARS MISSION RADIO INTERFEROMETER

Because of the relatively long wavelengths (millimeters to meters),
single antenna radio telescopes have boor resolutions in comparison to
even modest sized (e.g., 6-inch diameter) ground-based optical
telescopes. For example, the largest single dish telescope in the world,
the Arecibo radio telescope in Puerto Rico (1000-ft diameter), has a FWHM
beam of about 2.2 arcmin at a wavelength of 20-cm. This is comparable to
the resolving power of the human eye or 180 times worst than the optical
telescope noted above.

A multiple-antenna radio interferometer, on the other hand, can
achieve resolutions superior to that of the best ground-based optical
telescopes. Each antenna baseline samples one PFourier component of the
radio source brightness distribution at a given instant. It 1is
desireable to sample as many of these components (i.e., many baselines at
many different position angles) as possible for proper reconstruction of
the radio source structure. The goal here is to synthesize an aperture
using individual antennas. Martin Ryle was the first to recognize that
the rotation of the Earth could greatly assist in the aperture synthesis
by sampling many Fourier components per baseline as the source is tracked
across the sky. This basic idea is illustrated in Figure 2.

The most sophisticated example of this synthesis technique is the
Very Large Array (VLA) radio interferometer located in west central New
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Mexico and operated by the National Radio Astronomy Observatory. It
consists of 27 individual antennas distributed in a Y-configuration. The
resolution of this telescope is 0.1 arcsec at 2-cm wavelength 1n 1its
longest baseline mode (maximum baseline of 35-km).

During the past decade, this synthesis technique has been applied to
even longer baselines, stretching across the U.S. and in Europe. Very
Long Baseline Interferometry (VLBI) differs from the VLA in that the data
is recorded on Tape at individual antennas (using accurate time Marks
generated from hydrogen maser clocks) and later correlated with data from
other telescope stations. Using hybrid mapping techniques to partially
recover phase information in the data, VLBI maps of radio sources are now
being made with dvanamic ranges rivaling those of short-integration VLA
maps, but at a resolution of less than a milliarcsecond.

There are proposals to extend the radio interferometry baselines to
radio telescopes in Earth orbit and on the Moon. A 10-meter radio
antenna will be deployed from the cargo bay of the Space Shuttle to test
the feasibility of space VLBI duriﬁg the next several years. A joint
European-American consortium has proposed a free-flying 15-meter VLBI
radio antenna called Quasat (Quasar satellite) to be launched in the
early to middle 1990's. Finally, 1 have suggested that a relatively
simple antenna built as part of a permanent colony on the Moon could
effectively serve as a long baseline component of a spaceborne VLBI
network. In this case, the orbit of the Moon around the Earth would aid
in the aperture synthesis. The resolution of such a telescope will be 30
microarcsec at 6-cm wavelength and improve as a direct proportionality
with wavelength at shorter wavelengths.

It 1is an exciting possibility to extend the baselines even further
by carrying a 15-meter class radio antenna on the manned Mars mission.
Such a deployable antenna is lightweight and could be folded into the
cargo bay of the spacecraft. At the maximum Earth-Mars separation of
3.8x108 km, the diffraction limited resolution at a given wavelength
will be a factor of 1000 times better than that of the Moon-Earth Radio
Interferometer and a factor of 107 times that of the VLA!

However, it 1is unlikely that we will be able to achieve the full
diffraction 1limit at centimeter wavelengths due to the scattering of
radio waves by electrons in the turbulent fluctuations at high galactic
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TABLE 1
*
THEORETICAL RESOLUTIONS OF A MARS MISSION INTERFEROMETER

Proxima
Centauri

Sagittarius A

M31

Centaurus A

3C273

Nearest Star

Galactic

Andromeda

Nearest
Active
Galaxy

Quasar

DISTANCE
(LY)

32,000

2.2x10

1.6x10"7

LINEAR
RESOLUTION
(KM)

8000

Resolve active regions
and star-spots for stars

in local neighboor

4

Resolve a 10™ M

black hole’

Resolve individual stars

in Local Group Galaxies

Resolve Accretion Disk
and 106 M black hole."

Resolve Accretion Disk
and 10% M black hole.*

e e e e ————— o ——— e

E
These calculations assume a resolution of -4 nanoarcsec at 1-mm wavelength.

Actual detection of source components on these scal sizes will depend upon

the

components.

+Resolve a Schwarzschild radius.
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and extragalactic radio sources using the Mars Mission Radio
Interferometer is illustrated. The potential science is indeed
impressive.

The radio telescope will function during the entire trip to and from
Mars as well as in orbit. The motion of the spacecraft with respect to
the Earth will provide the aperture synthesis necessary to crudely map
radio sources at very high resolution. The theoretically expected
fraction of the Fourier transform plane (i1.e., the aperture) which will
be sampled for 1999 Mars opposition profile is shown in Figure 3. In
this plot, the interferometer is assumed to be centered on the Earth and
the source is perpendicular to the ecliptic plane. Although the coverage
is not spectacular, it compares favorably with fractional coverages for
present ground-based VLBI experiments. The inner portion of the
transform plane could be filled more completely by 1linking the Mars
mission radio telescope with a ground-based VLBI network, an orbiting
radio antenna, and a Moon base radio dish.

As in the two previously proposed telescopes, the human crew will
greatly simplify the operation and maintenance of the radio telescope. A
very simple and inexpensive pointing scheme could be envisioned for this
human-operated telescope, unlike the elaborate schemes needed for remote
operation. Furthermore, the antenna could be constructed in flight, much
like that planned for the space station, thus saving space and reducing
costs on the mission.

CONCLUDING REMARKS

The three projects described above merely scratch the surface of
possible astronomical experiments that could be performed during a
manned mission to Mars (including a reduced magnetic field and particle
flux from the solar wind). The radio telescope may also be operable at
both 1longer wavelengths (for scintillation studies of compact radio
sources) and at millimeter wavelengths (for spectral 1line studies of
molecular clouds). In a related vein, fundamental experiments on
inertial mass and the gravitational constant (G) could be performed to
test for variations in different regimes of gravity.

Because these telescopes will be operated and maintained by a human
crew on the mission, the cost savings over completely automated robot
probes will be enormous. The welght of each telescope is small and thus
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FIGURE 3

THE PORTION OF AN APERTURE SYNTHESIZED
BY A MARS MISSION RADIO INTERFEROMETER

T

+ 300

XIOskm

The array is assumed to be centered on the Earth. The coverage is based
upon a trajectory which will include a Venus outbound swingby on route to
Mars. Earth launch occurs on 1/27/99 at 3, Mars departure at 4, and Earth
return on 11/19/99 at 5. The dashed curve represents the additional sam-
pling produced by the Hermitian property of the Fourier transform plane.
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will not significantly impact on the launch costs. Thus, for a
relatively low expenditure, major new astronomical telescopes can "piggy-
back" on the Mars mission. The long Earth-Mars baselines can be used to
gather data that is beyond the scope of telescopes in the Earth-Moon

Environment.
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EXOBIOLOGY ISSUES AND EXPERIMENTS AT A MARS BASE
Christopher P. McKay
NASA Ames Research Center
Moffett Field, CA
ABSTRACT

Research in Exobiology, the study of the origin, evolution and
distribution of 1life in the universe, may be a major component of the
science activities at a Mars Base. Exobiology activities would include:
continuing the search for life on Mars; searching for evidence for
ancient life from a warmer Martian past; research into the chemistry of
the biogenic elements and their compounds; and other related activities.
Mars provides a unique opportunity in Exobiology, both for immediate
study and for long range and possibly large scale experimentation in
planetary biology.

INTRODUCTION

The goal of Exobiology is to understand the origin, evolution, and
distribution of life and life-related compounds on Earth and throughout
the universe (DeVincenzi, 1984). To accomplish this goal, exobiological
studies have been, and continue to be, carried out on missions to the
other planets. Clearly Exobiology, as a scientific discipline, is
inextricably tied to space and space missions.

Outside of the Earth, Mars has the most clement environment for
biology in the solar system, and it naturally holds a particular
fascination for exobiologists. It 1is not surprising that many
opportunities for exobiological experiments exist within the context of a
Mars Base. In fact, exobiology may be a major element of the Martian
surface science activities conducted at a Base. However, a Mars base
also focuses an important issue, of a fundamentally exobiological nature:
the search for indigenous life on Mars. There will be strong pressure to
conduct the search before humans land.

Humans add a new and vigorous dimension to the exploration of the
surface of Mars, particularly in exobiology. For example, the presence
of humans would ensure much better site selection and sample acquisition
for exobiology investigations.

Equally important, the gquality and quantity of scientific

observation would be enormously increased.
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The issues and opportunities for exoblology on Mars are discussed in
this paper and the unique capabilities provided by humans on the surface
are considered. The biological results of the Viking missions to Mars are
briefly reviewed. The wealth of information obtained from the Viking
missions generated a new set of questions and new lines of 1inquiry
regarding exobiology and the question of the existence of life on Mars.
VIKING

In addition to the lander cameras, which would show the presence of
any obvious macroscopic life-forms, the Viking landers contained three
experiments specifically designed to search for indications of 1ife on
Mars:

1) The Gas Exchange Experiment (Oyama and Berdahl, 1977), designed
to determine if martian life could metabolize and exchange
gaseous products in the presence of a nutrient solution.

2) The Labeled Release Experiment (Levin and Straat,1977), which
sought to detect life by the release of radioactively labeled
carbon initially incorporated into organic compounds in a
nutrient solution.

3) The Pyrolytic Release Experiment (Horowitz and Hobby, 1977),
based on the assumption that martian 1life would have the
capability to incorporate radioactively labeled carbon dioxide
in the presence of sunlight (photosynthesis).

The results of all three experiments showed definite signs of
chemical activity, but this was probably non-biological in origin
(Horowitz, 1977; Klein, 1978, Mazur et al., 1978). In addition, the
negative results of the Gas-Chromatograph/Mass-Spectrometer (GCMS) search
for organic compounds places severe restrictions on the probability of
life on Mars. The GCMS failed to detect organic material at levels less
than parts per billion for heavy organics and parts per million for
lighter ones {Biemann et al., 1977). It is relevant to note that these
concentrations are considerably lower than would be found on the lunar
surface. The conclusion seems to be that organics are not created but
are actually destroyed on the surface of Mars. This is a strong
indication that there is no life in the sands of Mars. The similarity of
the elemental composition between the two Viking lander sites may be an
indication that the top layers of martian regolith is a aeolian mantle of
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sand that has been reworked repeatedly (Carr, 1981). The Viking landers
sampled in this mantle and conditions at greater depths may be different.
While in general finding no indication of the existence of life on
Mars, the eguivocal results of the biology experiments and the detection
of all the elements necessary to support Earth-type life has led to
much speculation concerning martian biology (Friedmann and Ocampo, 1976;
Foster et al., 1978; Clark, 1979; Kuhn et al., 1979).
The properties of the Martian environment which seenm most
unfavorable to the sustenance of life are:
1) The general scarcity of water
2) The cold temperatures and extreme temperature variations which
occur both diurnally and seasonally
3) Penetration to the surface of ultraviolet radiation between 190
and 300 nm and particle radiation
4) The apparent presence of strong oxidants in the soil
5) The 1low atmospheric pressure and, as a direct result,
the exclusion of liquid water as an equilibrium state
6) The low concentration of nitrogen in the atmosphere and the
apparent absence of nitrogen, in any form, in the top-regolith
With the possible exception of the final point, all of the
unfavorable aspects of the Martian environment have sufficient variations
such that any one of them can be eliminated by suitable site selection.
Neither the Viking 1 nor the Viking 2 lander site was chosen based on
this consideration.

CONTINUING THE SEARCH FOR LIFE

While the Viking missions gave us valuable insight into the
biological potential on Mars, a more extensive search for extant Martian
life forms needs to be done. The discovery of an indigenous Martian
biota would profoundly effect the planning for a human presence on the
planet's surface. An important question integral to any plans for a Mars
Base program is: What steps and precursor missions should be undertaken
to continue the search for life on Mars before humans land on the surface.

In approaching this question we must realize that the absence of
life cannot be conclusively demonstrated by robotic missions, and
possibly not by human biologists on the surface. The possibility that
life could exist in an undiscovered cryptic niche will continually plague
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those who desire absolute answers from biology. The resolution of this
dilemma will have to be in a two-step process. First, defining the
biological impact of a localized human presence on Mars, and then
determining what level of search is required to insure that any
undiscovered cryptic Martian community of organisms is sufficiently well
hidden that it is unlikely to be affected by such a presence.

Clearly, this approach points toward the necessity to understand the
strategies of terrestrial organisms that occur in cryptic niches. As
part of NASA's exobiological research effort, work in this area has been
conducted with respect to the crypto-endolithic microbial communities of
the Antarctic dry valleys (Friedmann, 1982; McKay and Friedmann, 1985).
Studies of groups of organisms which grow in small depressions on
glaciers, termed cryoconite holes, are also applicable (Wharton et al.,
1985). Do these represent analogs for life in the present polar caps of
Mars? Many other examples of cryptic life can certainly be found that
would be applicable. By examining these communities on Earth we may be
able to determine the relationship'between the cryptic nature of a
microhabitat and its degree of isolation from the environment. Often the
very reason the organisms are in a cryptic niche is to isolate themselves
from adverse environmental conditions. The more isolated a martian
biological community is, the less likely it is to be affected by a human
base.

The problem of searching for life on Mars with a rover or other
sampling device is primarily centered around how to select the sample.
It is probable that the development of artificial intelligence systems
could result in a rover with the skills to navigate in rough terrain as
well as a rudimentary form of biological and geological decision-making.
The search for hidden 1life may require such sophistication, and
preliminary studies should be started in the near future.

Once humans have landed, the search for extant life forms will
certainly continue. Life is unique in that it is so diverse that it can
only be loosely defined in terms of a set of attributes, rather than as a
chemical or physical entity. Thus, human intelligence and the ability to
make decisions, on the spot, could be critical for the recognition of
Martian life forms, particularly as the search extends into environments
beyond our terrestrial experience.
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EARLY MARS

In looking at the profile of Mars drawn by the Viking results, it is
hard to find any evidence that extant life forms exist on such a small,
cold, dry planet. However, there is considerable evidence that at some
time in the past, conditions on Mars were quite different. Large valley
networks and outflow channels attest to the fact that copious amounts of
liquid water once flowed on the martian surface (e.g. Carr, 1981). This
in turn implies that the surface temperature was considerably warmer than
it is today with concomitant high pressures. Some of these fluvial
features occur in terrain that is heavily cratered, indicating that this
warmer climatic regime probably dates back over four billion years (e.g.
Carr, 1981).

This view is supported by theoretical considerations which suggest
that during the first million years after the formation of Mars and
Earth, the surface conditions of both planets were similar. During this
time period, the atmospheric composition and pressure on these planets
was determined primarily by outgassing of juvenile material and the
surface may have been dominated by the processes of crust formation (e.g.
Pollack and Yung, 1980). In fact, Earth, Venus and Mars may have all
undergone initial periods of outgassing and crust formation that resulted
in similar surface conditions on ail three of the terrestrial planets.
We know from the fossil record that life on Earth evolved and reached a
fair degree of biological sophistication in the first 800 million years.
The time interval was probably much shorter, but the absence of a
suitable fossil record prevents that determination. It is entirely
possible, then, that life also arose on Venus and Mars during an early
clement epoch on these planets. Subsequent planetary evolution, however,
seems to have favored only the Earth. The record of the origin and early
evolution of life on Earth, and certainly on Venus, has been obscured by
extensive surface erosion, while on Mars the situation is quite different
and large fractions of the surface date back to this early time period
(Carr, 1981). Hence, it is entirely possible that while no life exists on
Mars today, it holds the best record of the chemical and biological
events that led to the origin of life.

There are many areas in which a search for microfossils of an
ancient martian biota could be conducted. One such area would be the
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valley networks that lace the ancient terrain and the bottoms of the
outflow channels. Interesting lake sediments may exist on the floors of
some of the martian equatorial canyons (Lucchitta and Ferguson, 1983).
McKay et al. (1985) have shown that, similar to the Antarctic dry valley
lakes, paleolakes on Mars could have extensive liquid water under a
relatively thin ice cover, even under current cold martian conditions.
Clearly, studies of these sediment beds, on site, by interdisciplinary
teams of scientists could vield detailed information on past Martian
biota.
THE BIOGENIC ELEMENTS

In addition to the search for life and past 1life, a goal of

exobiology on Mars will certainly be to study the distribution and
evolution of the biogenic elements (C,H,N,0,P,S) and compounds (e.g.
water, carbon dioxide). The cycling of these elements is key to the
sustenance of a biosphere. Even in the absence of life, studies of these
cycles will provide a point of comparison and contrast for the
biogeochemical cycles of these elemeﬁts on Earth.

Information on the global scale cycling of the biogenic elements can
be collected, to a large extent, by robotic observer spacecraft. It is
the collection of more specific information on fine scale gradients,
isotopic variations, and elemental ratios that would be greatly
facilitated by a human presence. Such detailed studies might be required
in areas with interesting mineralogy or salt composition. Interesting
mineral phases, such as clay, may play an active role in processing the
biogenic elements and compounds. Areas of rich salt concentration may be
sites of enhanced water activity (Huguenin, et al., 1979). The study of
this natural cycling of biogenic material would be useful in establishing
the role of abiotic synthesis in the origin of life on Earth.

Planetary evolution and the interaction of global reservoirs of
volatiles is an area of interest for the study of the evolution of 1life
on planetary surfaces. If life did originate on Mars and subsequently
became extinct, this event may be associated with changes in the cycling
of the biogenic elements. Evidence for such changes may still be present
in terms of the detailed elemental and isotopic structure of the layered

terrain. Relatively recent information on the global cycles of carbon
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dioxide and water on Mars may be obtained from studies of the polar
laminated terrain.
DISCUSSION
As one of the four main goals of planetary exploration through the
year 2000, the Solar System Exploration Committee included the following,
"Understand the relationship between the physical and chemical evolution
of the solar system and the appearance of life" (SSEC, 1982). Studies
of the surface of Mars can contribute to this goal. Many of the key
research areas are dependent upon a human presence and a continually
operated Mars Base.
Specific areas in which exobiological investigations on Mars would
greatly benefit from, and possibly require, a human presence include:
1) Search for extant life
2) Search for evidence of ancient life
3) Examination of the chemistry of the biogenic elements and their
compounds
4) Study the environmental parameters associated with each of the
above
5) In situ exobiology experiments.
Exobiological investigations on Mars that would benefit from, but
not require, a human presence include:
1) Observational Exobiology (e.g. studies of biogenic elements in
the interstellar medium via VLBI techniques)
2) Interplanetary and interstellar dust collection for studies of
the biogenic elements in primordial matter
In addition, a human base on Mars could serve as a springboard for
exobiological research in the outer solar system. The research into the
adaptive strategies of terrestrial organisms and an extensive
understanding of the geochemical cycles on Mars may also lay the
foundation for large scale exobiological experiments on Mars
investigating the prospects for planetary ecosynthesis (Averner and
MacElroy, 1976). It is the human component of the Mars Research Base

that motivates these long term goals.
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MARS RESOURCES

Michael B. Duke
National Aeronautics and Space Administration
Johnson Space Center
Houston, TX

ABSTRACT

The most important resources of Mars for the early exploration phase
will be oxygen and water, derived from the martian atmosphere and
regolith, which will be used for propellant and life support. Rocks and
soil may be used in unprocessed form as shielding materials for habitats,
or in minimally processed form to expand habitable living and work space.
Resources necessary to conduct manufacturing and agricultural projects
are potentially available, but will await advanced stages of Mars habita-
tion before they are utilized.

INTRODUCTION

In the forseeable future, the transportation cost of sending people
or material to Mars will be high. Thus, for even the first manned
missions to Mars, an effort should be made to utilize the indigenous
materials of the planet, and any sustained presence must be supported by
utilization of Martian resources.

Mars resembles the Earth enough in its geological history and
current state that one can imagine the availability of practically any-
thing that can be found on Earth, in terms of inorganic mineral resources
(Cordell, 1984). It's biotic history is uncertain, certainly much less
extensive than the Earth and perhaps totally absent, so concentration of
elements and compounds by biogenic means is not expected. It has polar
ice caps and a thin atmosphere. Surface alteration processes due to the
interaction of atmosphere and surface are expected. These are the poten-
tial sources of useful products. Solar energy flux is approximately one
quarter that of the Earth; geothermal heat may be tappable in some
places, but early missions will probably carry nuclear energy supplies.

With adequate supplies of energy, it is probable that any substance
available on Earth can be obtained from the materials of Mars. However,
this paper focuses on our current state of knowledge of Mars resources

and their potential early uses.
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IMPORTANT EARLY USES OF MARS RESOURCES

The earliest uses of Mars resources will come where: 1) the product
is required in substantial quantities and would otherwise be transported
from Earth; 2) the mass of product desired is significantly larger than
the mass of the equipment which must be transported to Mars to produce
it; 3) the raw materials are readily available; and 4) the energy neces-
sary for manufacturing the product is available. By-products of primary
processes may find uses that do not meet these criteria. Among uses which
may fit this category are: 1) extraction of propellant (Ha, 0,, CO, CH,,
etc.) for Mars-Earth space transportation and trans-Mars transportation;
2) shielding of habitats and equipment from radiation, and insulation of
structures for thermal control; 3) expansion of living and work space; 4)
makeup of consumables in life support systems and expansicn of controlled
life support systems.

PROPELLANT

Propellant produced at Mars or on its moons could greatly reduce
Mars-orbit and Mars-Earth transportation (see Ref. this volume). In the
past, proposals have been made to extract CO and 02 for propellants from
abundant 002 in the atmosphere. This is a predictable and accessible
resource. Liquid hydrogen and oxygen also could be prepared from water,
which exists as ice in polar regions and probably as permafrost
elsewhere. Propellants could also be produced from carbonaceous-
chondrite-like material, which probably exists on Phobos and Deimos.

SHIELDING AND INSULATION

The radiation environment at the surface of Mars is sufficiently
harsh that long term habitation requires substantial shielding, by up to
the equivalent of 3 meters of rock or mineral material. Surface tempera-
tures at equatorial latitudes are approximately 240%K in daytime and
190°%Kk at night. Loose soil or rock can probably be used for thermal
insulation of habitats; however, for specific applications, it may be
necessary to develop better insulators than those obtainable from the

unprocessed rock and soil materials.
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EXPANSION OF LIVING AND WORK SPACE

The first visitors to Mars will be severely cramped in their living
and working space. Extended staytimes will be much easier if ways are
available to expand the pressurizable volume that can be occupied for the
crew. Because of the need for shielding, these expansions must be sub-
surface structures. Thus, there will be a requirement for structural
materials that can support the necessary loads. This requirement could be
met with non-metallic materials (fused or sintered silicates, or con-
cretes) or metals. Seals for enclosures and interconnections to the
outside environment will require materials from Earth at first, but local
production will undoubtedly receive significant attention because these
structures will control the rate of habitat expansion.

LIFE SUPPORT SYSTEM REQUIREMENTS

An abundant supply of water is essential for many aspects of life
support systems, for direct use by humans, for agriculture, and for
manufacturing. A large reservoir of water must be available to a perma-—
nent base. Oxygen and nitrogen are principal components of the atmos-
phere in which humans can exist, and 002 is the principal constituent of
botanical interest. To the extent that closed ecological life support
systems can be established, the resupply requirement for these compounds
can be reduced; however, some irretrievable losses or at least sinks with
very long residence times will be present, and in order to expand the
initial base replenishment of these elements and compounds will be neces-
sary from indigenous sources. It would be useful also to have sources of
the principal nutrients for plants, although life support system closure
can reduce the need for these materials.

MARS MATERIAL RESOURCE AVAILABILITY

The principal potential sources of materials on Mars can be cate-
gorized into four general groups: 1) atmosphere; 2) ground ice (perma-
frost, polar caps); 3) primary (igneous) rocks; and 4) regolith (dust and
altered igneous rock) and sedimentary deposits formed by redistribution
of the regolith. The moons of Mars represent another distinct category of

material with potential resource implications.
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ATMOSPHERE
The atmosphere of Mars consists of CO2 (95.3%), N2 (2.7%), Ar
(1.6%), O (0.1%), CO (0.1%), and small amounts of water and noble

gases (Oweﬁ et al, 1977). Total surface atmospheric pressures measured by
Viking are in the range of 7-8 millibars (Hess et al, 1977). A seasonal
reduction is correlated with precipitation of 002 at the South pole and
the pressure rises as CO2 is sublimated. Peak surface temperatures at
the Viking sites were 240°K and lowest temperatures were slightly less
than 190°K.

The amount of water in the atmosphere is small, on the order of 100
precipitable microns (Farmer, et al, 1977). The entire atmosphere con-
tains approximately the equivalent of 1.3km3 of ice.

From time to time, the Martian atmosphere develops dust storms,
which raise substantial quantities of what must be very fine dust which
can remain aloft for weeks at a time. Most dust storms begin in the
southern hemisphere when the planet is near perihelion and is recelving
maximum solar energy. The dust is carried northward and longitudinally,
but the continual supply of dust suggests that much of the material is
eventually returned to the southern hemisphere. The Hellas basin, a large
low area in the southern hemisphere, may be a sink for much of the dust,
and possibly a source for new dust storms (Mutch et al, 1976).

ICE IN THE SUBSURFACE AND POLAR CAPS

Mars' atmosphere has small amounts of water vapor. A perennial ice
layer of a few meters thickness has been inferred at both poles,
extending to about 10 degrees equatorward. This overlays a series of
layered deposits that apparently consist of a mixture of dust and ice.
The total thickness is perhaps 1-2 km in the south and 4-6 km in the
north, with perhaps 85 percent of the material consisting of ice. In the
south, there is a seasonal cap of dry ice.

Morphological evidence (canyons, channels) strongly suggest the
former presence of liquid water. In order to explain the quantities of
water that would be required, a reservoir other than the polar caps must
have existed in the past and may exist now. This is generally believed to

be permafrost, and morphological observations have been used to infer its
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distribution (Squyres, 1985) . Chaotic terrain, overlapped 1lobate
deposits of crater ejecta, and patterned ground all have been interpreted
in terms of the former presence of water. Creep deformation of ice in a
matrix of silicate deposits, similar to rock glaciers on Earth, has been
cited by Squyres and Carr (1984) as evidence for the current presence of
ground ice. The regions of high ice content may extend to depths of 1 km
or more, which would make ground ice the largest water reservoir on the
planet.

The creep features indicative of ground ice are notably absent
between 30 degrees north and south on the planet, suggesting that the
regolith has outgassed in equatorial regions.

IGNEOUS ROCKS

Mars currently exhibits the largest volcanic landforms of the solar
system. These features are inferred to be basaltic from their morpho-
logy. Features such as Olympus Mons are believed to be relatively young,
based on the distribution of impact craters, and may have been highly
active until a billion years ago. In all other terrestrial planets
studied intensively to date (Earth, Moon, Venus), basaltic volcanism is a
consistent feature (Basaltic Volcanism Study Project, 1981). Earlier
internal igneous activity may have been basaltic or possibly more primi-
tive (ultrabasic, komatiitic), but in any case can be inferred to be
extensive.

Few direct data exist on the compositions of Martian volcanic rocks.
Analysis of the Viking X-ray fluorescence experiment data indicated that
the surface fine material, dominated by weathering products, was derived
primarily from mafic (basaltic ?) material, low in trace elements,
alkalis and aluminum (Toulmin et al, 1977).

Recently, strong evidence has accumulated that the Shergottite
meteorites (and perhaps the Nakhlites and Chassignite) are of Martian
derivation (Bogard and Nyquist, 1983). Among other evidence, the presence
of trapped noble gases similar to those measured by Viking in the Martian
atmosphere and different from all other terrestrial or meteoritic noble

gas patterns is compelling. The crystallization age of the shergottites
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is on the order of one billion years, approximately the inferred age of
the large volcanic landforms. The meteorites were probably expelled from
Mars by one or more impact events that introduced substantial shock
damage .

Minerals in the shergottites are principally the silicates olivine,
iron-calcium-magnesium pyroxenes (augite and pigeonite), intermediate
plagioclase feldspar (sodium-calcium aluminosilicate), and small amounts
of silica, with titano-magnetite (titanium-bearing iron oxide), with up
to 1 percent of a calcium phosphate mineral, whitlockite, and minor
amounts of iron sulfides. This composition is consistent with inferences
from the Viking analyses. No primary mineral containing water of crystal-
lization (e.g. amphibole, mica) has been observed. However, these rocks
are more highly oxidized than any other differentiated (igneous) meteo-
rites.

If shergottite-like basalt is common on Mars, other rock composi-
tions may have also developed locally. In slow-cooling (subsurface)
environments, separation of olivine, pyroxene and feldspar could have led
to significant enrichments in silica, alkalis and alumina to form
granitic or rhyolitic rocks. Where volcanic materials came into contact
with ice, a variety of unique rock types may have formed, some of which
may have produced hydrothermal depbsits. Cordell (1985) has speculated
that Mars may have as diverse a set of igneous and hydrothermal deposits
as the Earth. Although speculative, these represent targets to be sought
in further exploration of the planet.

REGOLITH AND SEDIMENTARY MATERIAL

The principal means of rock degradation on Mars appears to be impact
cratering. Locally, comminution through the action of fluids has
certainly occurred, as the material eroded from the major canyons
attests. Chemical weathering is probably a minor source of physical
degradation of primary rock. At both Viking landing sites, abundant fine-
grained materials are present, and the occurrence of dust storms indi-
cates the existence of substantial quantities of ultrafine material.

Following physical degradation, chemical weathering may have been

effective in changing the chemical composition of the particles. Viking
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inorganic analyses are consistent with a soil composition containing
aluminum-poor iron-rich clay minerals and iron oxides, plus sulfates,
carbonates, and chlorides developed'by leaching and precipitation of
water-soluble phases by liquid water or possibly by thin films of mois-
ture (Toulmin et al, 1977). Surface reflection spectra are dominated by
Fe3+ + —02— absorption bands, but are more consistent with spectra
expected from altered volcanic glass than from specific clay minerals
(Singer, 1982). If the original rock composition was similar to that of
the shergottites, one might expect the soil to contain minor amounts of
free silica, unreacted feldspar, and phosphate. It is of interest that
soils present in the dry valleys of Antarctica, where liquid water is
generally absent, are similarly enriched in chlorine, sulfate and car-
bonate(Gibson et al, 1983), suggesting concentration mechanisms for these
elements by soil capillary action.

PHOBOS AND DEIMOS

Phobos and Deimos were imaged by the Viking orbiters. Phobos was
shown to have complex surface features and both bodies are saturated with
respect to impact craters greater than 300m (Veverka and Duxbury, 1977).
Both bodies are spectrally uniformly gray and both have low mean density
(Duxbury et al, 1979). For these reasons, it has been speculated that
they are similar in composition to carbonaceous chondrites, a class of
meteorites (asteroids) rich in clay minerals (hydrated silicates) and
organic compounds (Pollack et al, 1973).

TYPICAL RESOURCE EXTRACTION PROCESSES

Table 1 gives estimates of the mass, power and productivity of
extraction of some useful resources from Martian and Phobos/Deimos
materials. In general, these processes will include mining (or
concentration from the atmosphere), separation of beneficial minerals,
chemical reactors, and storage. No subsequent processing is described

here.
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Extraction from Atmosphere

002 can be concentrated from the atmosphere by compression. The CO2

can be reduced electrolytically to CO and 02. Ash (1978) proposed such a

process as a source of rocket propellant. CO2 can be reduced further to
02 and elemental carbon. This requires significant quantities of
electrical power. It is possible to condense water from the atmosphere:

however, the abundance is so small that large systems will be required
for extraction of significant quantities, making water extraction from
ice or possibly clay minerals more practical.

Extraction from Ice

Water can be obtained from ice or permafrost by melting. A typical
soil/ice permafrost may contain 25 - 35 percent water. As drilling
through ice or permafrost may be difficult, it is recommended that ice be
melted 1in the subsurface and pumped to the surface. Only low grade
thermal energy is required.

Extraction from Clay Minerals and Martian Dust

If hydrated minerals are present in the regolith or in ancient

sedimentary deposits, water may be extracted by simple heating. The
amount of water in clays is probably less than 5 percent, and
temperatures of 120 - 300 degrees centigrade may be necessary. Thermal

energy may be available as a byproduct of other surface activities, such
as the Mars base power systenm.

The Martian dust appears to be rich in iron oxides. It may be
possible to extract metallic iron from these minerals, using electrolyti-
cally produced carbon as the reactant. Primary iron oxides in igneous
rocks are an alternative source. Carbonates are believed to be present
in the Martian regolith. If calcium carbonate is present, it may provide
a source for the production of Ca0 to be used in portland cement for
construction purposes. Phosphates (whitlockite) or feldspars may also be

sources for CaO0.
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Utilization of Primary Rocks and Their Constituent Minerals

The major minerals of the igneous rocks of Mars are likely to be
olivine, pyroxenes and feldspar. Silica (quartz) may be abundant
locally. These rocks will find their first use as materials of con-
struction, for example, as shielding materials or as aggregate in
concrete. This will require mining, but not significant thermal or
chemical processing. The abundance of feldspar, silica and clay
minerals may provide ready materials for production of glass and
ceramics, which could find use in construction and manufacturing. Data
for a ceramics plant are included in Table 1.

Extraction of Propellant from Carbonaceous Chondrite (Phobos?)

Typical water contents of carbonaceous chondrites are : Type I,
20.8 percent; Type II, 13.4 percent; and Type I[II, 1.0 percent.
Extraction of water can be achieved by heating to temperatures of 300 -
650 degrees centigrade. Production of cryogenic propellants would
require electrolysis and liquification systems and significant electrical
energy.

Better information on the nature and distribution of Mars resources
is necessary in order to determine the accessibility of usable resources
and in order to develop specific processes for their utilization. (This
is unnecessary only for atmospheric C02), For those processes that
involve chemical reactions with solid minerals of rocks and soil, minera-
logical and chemical compositional data must be obtained by analysis of
enough precision to identify the main minerals and determine their compo-
sition. This can be accomplished by in-situ or returned sample analysis
of geologically characterized terrain on Mars. Similar information is
needed for Phobos and Deimos. For those processess that require locating
a specific resource, for example water ice, global orbital data may
suffice, which will also allow the extension of detailed mineralogical
and compositional data to other regions of the planet. This information
will be significant in determining the rate of expansion of a human
foothold on Mars, so should probably be obtained on precursor science

missions, unless early manned missions are contemplated.
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MARS SURFACE SCIENCE REQUIREMENTS AND PLAN :

J.D. Blacic, M. Ander, and D.T. Vaniman
Los Alamos National Laboratory
Los Alamos, New Mexico

ABSTRACT

We analyze the requirements for obtaining geological, geochemical,
geophysical, and meteorlogical data on the surface of Mars associated
with manned landings. We identifiy specific instruments and estimate
their mass and power requirements. A total of 1-5 metric tons, not
including masses of drill rigs and surface vehicles, will need to be
landed. Power associated only with the scientific instruments is
estimated to be 1-2 kWe. We define some requirements for surface rover
vehicles and suggest typical exploration traverses during which
instruments will be positioned and rock and subsurface core samples
obtained.
INTRODUCTION

The purpose of this paper is to present an analysis of desirable
physical science activities (geology, geophysics, meteorology) associated
with manned Mars landings. The scientific rationale and objectives for
Mars investigations are discussed in detail in previous studies (e.g.,
{1]); differences associated with‘the manned aspects are discussed in
references [2] and [3]. As a context for the plan, we assume a multiple-
landing mission scenario that leads to a permanent manned surface base
called "Columbus Base"[4]. In this approach, during each of the first
three missions a crew of four lands at different sites and performs
scientific investigations for about two months. On these first three
landings, the crew has the aid of an extra vehicular activity (EVA) rover
vehicle with a range of about 10km. On the fourth mission, one of the
previously visited sites is selected for development as a base from which
more extensive explorations will take place. More capable surface
transportation is assumed to be available at this point, namely a shirt
sleeve (SS) rover with a range of about 100km. A remotely piloted air-
plane of the type suggested by Clarke, et al [5] is also assumed to be
available by the fourth landing as an instrument carrier for long range
(1000+km) geochemical, geophysical, and atmospheric surveys as well as

visual reconnaissance.
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We define instrumentation needs and give estimates of power and mass
requirements in order to help estimate the total landed payload from
which propulsion and other requirements can be calculated. Our mass and
power estimates represent upper limits because they are based on present
technology. We expect that advances in instrument technology stimulated
by mission requirements such as those proposed here will greatly reduce
the ultimate payload mass and power values. The main science questions
we address here are the composition and structure of the solid planet and
the nature of geological and atmospheric processes. As a consequence, we
emphasize geologic sampling and geophysical and meteorology observations.
We do not discuss 1life science or operational engineering science
requirements.

ROCK COMPOSITION AND PROPERTIES

Samples
Obtaining rock and soil samples will be a primary function of the

landing team. We suggest that a total sample mass of 100-500kg should be
returned to Earth from each of the first three landing sites. 0f these
amounts, about 25% should be returned in sealed, refrigerated storage
containers so as to retain volatile materials and heat-sensitive
structures in as close to a pristine martian environment as possible.
Samples will consist of hand-sized rocks, 50-100g soil samples (including
special samples to investigate microenvironments), and core samples
obtained with the aid of drilling equipment. The surface sampling,
cataloging, and documentation procedures will be derived from those
developed during the Apollo lunar explorations [6] and are not discussed
further here.

We suggest that each landing team take one 100m-long core at the
landing site and numerous 10m-long cores at remote sites during rover
traverses. These cores will be essential for analysis of near surface
physical properties and geologic stratigraphy. The cores will be
examined on the surface and portions selected for environmental storage
and return. The remaining cores can be studied by the crew while present
on the surface and/or stored locally at ambient conditions for future
retrieval. Judging from experience on Earth, hole diameters of 15cm and
core diameters of 5-10cm seem appropriate. Details of the equipment that
will be required to perform these coring operations, including masses and
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power requirements, are given in reference {7]. It is assumed that the
landing craft and rover vehicles will be capable of supporting the
respective drilling and sample storage equipment.

Petrology/geochemistry:

The landing craft should have analytic equipment capable of
determining rock compositions quickly to help guide the sampling and
geologic exploration. These instruments will remain behind on the lander
for future use. Instrumentation, with estimated mass and overall power
requirements, will include the following:

1. A combined x-ray fluorescence/diffraction instrument

(exchangeable anode, with capability of synchronized movement of tube,

sample, and detector). This instrument is for major-element chemistry
and for mineral analysis. MASS: 70 kg
2. An electron beam instrument optimized for imaging (scanning
electron microscope), but equipped for energy-dispersive analysis
(microprobe). This instrument is for microfossil exploration and for
mineral analysis. A MASS: 80 kg
3. A combined thermogravimetric/differential scanning calorimeter
instrument for hydrous mineral analysis. MASS: 15 kg

4. Sample powdering, dissolution, and optical analysis equipment.
' MASS: 40 kg
5. A gas and water analysis system based on one or more of atomic
absorption, gas chromatography, laser emission spectroscopy, and mass
spectroscopy. MASS: 50 kg
PETROLOGY/GEOCHEMISTRY SYSTEM - TOTAL ESTIMATED MASS: 255 kg
TOTAL ESTIMATED POWER: 2 kw

Rock Physical Properties:

Rock physical properties will be observed directly during rover
traverses, in the immediate vicinity of the lander, and remotely by
geophysical means (discussed below). Suggested requirements for the

direct observations are listed below.

Soil: Core penetrometer and plate bearing tests will be performed
automatically at every rover sampling stop. MASS: 10kg
Core holes: Each of the 10m-long core holes will be used for an in

situ seismic Q and P-wave velocity measurement by deploying a reusable
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acoustic probe in the hole and hitting the nearby surface with a spring-

loaded or chemically-propelled impacting source. MASS: 15 kg
POWER: 1 w

To determine basic rock mechanics properties, about ten hand-sized
rock samples at each EVA site will be crushed in a simple point 1load
press to obtain strength data under martian conditions. No sample
preparation is required for these tests bu@ after crushing, samples can
then be used for petrology/geochemistry analysis after further
preparation. MASS: 20 kg

POWER: 1/2 w

Pieces of the 10m core and surface samples will be used to measure

dielectric constant under in situ atmospheric conditions in order to

interpret radar absorption data. MASS: 3 kg
POWER: 1 w

SURFACE SCIENCE TELEMETER STATION

Conceptual Design and Requiremen;s

We propose that multiple, long-duration science stations be deployed
by a two-man crew operating from a rover vehicle. A number of identical
stations, shown schematically in fig. 1, will telemeter their data to the
landing base for up-link to the main craft. In the initial landings, a
maximum of four stations will be deployed from an EVA-type rover. In
later landings, more stations will be deployed at larger ranges using the
SS rover. The stations will be powered by radioisotope thermal genera-
tors (RTGs) for an operational lifetime of at least 10 years. The sta-
tions will have the following instrumentation, consisting of separate
functional packages interconnected by cable.

SEISMOMETER:

A 3-axis, broad-band (0.1-50 Hz), high sensitivity seismic unit that
will be well coupled to ground by installation in a drilled, cored, and
backfilled hole (see fig. 1). MASS: 1 kg

POWER: 1/2 w

ELECTROMAGNETIC SYSTEM:

A permanent, passive electromagnetic (EM) data acquisition system
will be installed at each Surface Science Telemeter Station (SSTS). This
equipment will be similar to tensor magnetotelluric (MT) systems widely
used in Earth applications. The system we propose consists of a three-
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Schematic Illustration of the proposed
Surface Science Telemeter Station.
Instrument Modules are explained in the text.
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axis fluxgate magnetometer for magnetic (H) field measurements less than
10_3Hz, a three-axis coil magnetometer for H-field measurements from 10 3

to 102Hz, and a two-axis horizontal electric (E) field dipole for

measurements from 10_3 to 102Hz. Thus, with this equipment, the martian
magnetic spectrum and it's time variations may be studied below 100Hz,
and subsurface electrical resistivity estimated to great depths in order
to help determine radial structure and thermal state. The presence of
the E-field dipoles will permit estimates of the tensor electrical
-3 to 102Hz. Deep magnetic and electric field
sounding. DC to 100 Hz: MASS: 100kg
POWER: 1/2 w

METEOROLOGY SYSTEM: Instruments to measure: Temperature, wind

resistivity from 10

speed and direction, barometric pressure, aerosol content (mini-LIDAR?),

and composition using a mass spectrometer: MASS: 20 kg
POWER: 10 w
HEAT FLOW PROBE: MASS: 1/4 kg

POWER: 1/2 w
DIGITAL TELEMETRY/DATA PROCESSING SYSTEM - 15 channel (AM) with

microvax -equilvalent or better processing capacity: MASS: 15 kg
POWER: 25 w
RTG POWER SUPPLY (50 watts): MASS: 25 kg

TOTAL ESTIMATED SSTS INSTRUMENT MASS, PER STATION - 162 kg
TOTAL ESTIMATED POWER, PER STATION - 37 watts (50 w-class RTG)

EXPLORATION TRAVERSES

Rover surface vehicles

Exploration from the initial three landing sites will consist of
about ten one-day-long traverses using the EVA rover out to a range of
about 5 knm. Primary exploration from the permanent base will consist of
four approximately 5-day-long SS rover traverses out to a linear range of
30-40 km. Schematic plan views of rover traverses and typical placements
of instrumentation stations and explosive seismic sources are shown in
figs. 2 and 3. The EVA rover will carry modules for installation of
Surface Science Telemeter Stations (SSTSs, described above) on at least
three of the traverses, and explosives (100 kg) for at least two seismic-

source stations. The advanced SS rover will carry sufficient modules for
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FIGURE 2. Schematic plan view of proposed EVA rover science traverses.
Possible placements of Surface Science Telemeter Stations and
explosive sources for a seismic refraction 1ine are indicated.
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FIGURE 3. An expanded science station network deployed with the aid of an

extended range SS rover. Two, approximately perpendicular
seismic lines are shown.
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the installation of five SSTSs and explosives (100 kg) for one radio
armed and detonated seismic-source hole located at the extreme range of
each traverse. Both rover types (EVA and SS) will be manned by a crew of
at least two. In addition to adequate life support consumables and
motive fuel, the rovers must transport a drill rig and compressor for the
station holes. The SS rover will also carry a self-leveling gravimeter
that will automatically make a gravity measurement at each stop (typi-
cally every several hundred meters).

Gravimeter: MASS: 10 kg

POWER: 1/2 w

A separate, portable passive EM system that measures three components of
the H-field and two components of the E-field from 10! to 104Hz will be
carried on the rovers. This system will be used for rapld reconnaissance
around each SSTS to measure very near surface tensor electrical resisti-
vity that will yield information on geologic structure as well as the
possible presence of ground ice.

Portable EM system: MASS: 175 kg

POWER: 0.5w

The crews will alternate for each traverse with the main base crew
who will be performing other activities such as monitoring the traverse
and station installation, examining samples from previous traverses, and
performing long-range remotely-piloted-vehicle (Mars airplane) surveys.

Mars airplane

A remotely-piloted airplane or drone will be assembled by the crew
at the permanent base and used to perform long range (1000+km) airborne
geophysical surveys from about 100-1000m altitude. The surveys will
include magnetic, photographic, low resolution gravity, atmospheric com-
position, and gamma spectrometric measurements. On-board TV will help
guide the vehicle to interesting surface features. At the farthest
distance from the lander, the drone will be landed to deploy a
seismology/meteorology station. '

Mars Airplane [5]: MASS: 300 kg
SUMMARY

A summary of the mass and power requirements for the major elements
of the surface sclence equipment and sample collection is given in Table
1. We estimate that 1-5 metric tons, including mass for generation of
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1-2kw electrical power, will need to be landed on the martian surface to
support the basic physical science activities. To these must be added
masses and powers for the drilling equipment, rover vehicles, and air-
plane plus any strictly operational equipment (e.g., propellant manufac-
turing plant).
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MANNED MARS MISSION N87'17765

S. T. Suess
Marshall Space Flight Center
Marshall Space Flight Center, AL

ABSTRACT

Astronomical observations during the transit phase, in orbit about
Mars, and from the surface present important scientific objectives.
Primary astronomical objectives are being summarized by J. Burns (Univ.
of New Mexico). Additional or alternative options will be introduced
here, together with their strengths, weaknesses, viability, and value. It
is important to note at the outset that not all possible options are
necessarily important or viablel.

Options

Potential experiments are limited only by imagination. Several op-
tions are listed in Table 1 and discussed individually below. Ultimately,
in addition to weight, power, and volume limitations, the selection of
experiments will be based on research interest and the value of antici-
pated scientific return.

Radio Astronomy

Prime radio astronomy experiments and observations that can be made
from the manned Mars mission are those that require the radio quiet
conditions found far from the neighborhood of the Earth. Some frequencies
of interest here are quite low so that dipole arrays, in addition to
parabolic dish antennas, would be used.

In addition, there are several active and passive radio measurements
that can be made of the Martian in situ plasma wave detector. Many of
these would make use of the same equipment used for the radio astronomy
experiments. The plasma wave detector would be on the free-flying space-
craft in low Martian orbit.

Finally, the radio telescopes may be used for further monitoring of
solar activity from the surface of Mars.

Solar Astronomy

Solar optical observations show the photospheric structure of the
Sun and, with simple filters, map the large scale magnetic field struc-

ture, sunspots, filaments, and flares. During a large part of the transit
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TABLE 1
OPTIONS

(X:yes, -:no)

Radio telescope

Met wave dipole array radio
telescope

Solar astronomy

Optical observations of
cataclysmic variables

UV all-sky mapping
Lyman-alpha all-sky mapping
Cosmic ray detectors/telesc

Gamma ray telescope

Hydrogen-alpha telescope

Weight

Power

wWhole-disk x-ray monitor

wWeight
Power

ope X/X/X

TABLE 2
SOLAR INSTRUMENTATION

25- 40-cm optics
Birefringent filter

1000 x 1000 CCD detector
Digitally stored images
Digital display

50 kg including multi-use display terminal

< 1 kw
0.5- 8 Angstrom sensitivity
1 second time resolution

< 10 kg

< 0.1 kw
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and while at Mars, the side of the Sun exposed to the spacecraft will be
invisible from the Earth. Observations of the Sun in the Hydrogen-alpha
spectral line will therefore be necessary for solar flare/erupting fila-
ment prediction and warning. These observations would have to be made
during all three phases of the mission, but would be done from orbit
during the surface excursions. More information on this is given in the
white paper on Solar Physics: Solar Activity Monitoring and Prediction.
A minimum instrument package is outlined in Table 2.

Additional solar observations are possible with more complex instru-
ments - including magnetic field and velocity measurements. However, it
is probable that these observations would be more efficiently and
accurately made from Earth orbiting spacecraft.

2 with

The solar telescope will be used for other observations
supporting equipment such as special filters. Planets will be observed
to determine their albedo in the UV and visible ranges, and the same UV
filters will be used for an all-sky UV survey. Opportunities will occur
for the observation of stéllar occultafion by the outer planets, and the
ephemerides should be developed for these observations. Other opportuni-
ties may occur for the observation of cataclysmic variablesz.

Planetary Astronomy

Optical observations of the planets and asteroids are possible
during all three phases of the mission. The main advantage of doing these
from the manned Mars mission is that during the transit phase the space-
craft will approach significantly closer to the main asteroid belt than
is ever done by the Earth and will have uninterrupted viewing during the
transit phases. However, it is likely that Space Telescope observations
would supersede any information that would be gained from the size and
quality of a telescope that could be carried to Mars, except for those
types of observations noted above in the solar astronomy section. There-
fore, 1t 1is suggested that the solar telescope will be sufficient for
planetary astronomy in visible, ultraviolet, and infrared wavelengths.

These low spatial and spectral resolution, uninterrupted measure-
ments will supplement the extremely high spatial and spectral resolution

observations that will be made in the near future from Earth orbit.
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One opportunity is that stereo observations of the planets or
asteroids would be possible using Earth and mission based telescopes.
However, there has been no stated need for such experiments.

Backscattered Solar Lyman-alpha

An opportunity exists to make high spatial resolution observations
of Lyman-alpha solar emission that is backscattered from interstellar
neutral gas that is entering the solar system. Low resolution observa-
tions have been made from unmanned spacecraft and have provided important
information of solar spectral emission variability and the properties of
the local interstellar medium. These observations are best made far from
the Earth because of contamination by the Earth's hydrogen geocorona.

Optical, Infrared, Ultraviolet, and X-ray

Extra-Solar System Astronomy

Observations of stars, the Milky Way, nebulae, pulsars, extra-
galactic objects, etc. will be receiving particular emphasis with Earth-
orbiting spacecraft. The Space Telescope and AXAF are only the first of a
variety of missions planned by NASA and ESA. It is extremely unlikely
that a large variety of useful information would be gained from manned
Mars mission observations. However, there are a few narrowly selected
specific observations that suggest potential benefits from being made on
the manned Mars mission.

Galactic and Solar Cosmic Rays

Cosmic ray detectors and telescopes will be used for monitoring
solar energetic particles. 1In addition, the data from these instruments
will show galactic cosmic ray intensities and their variation with solar
activity and the solar cycle. The modulation mechanism of cosmic rays in
the solar system is not understood and data on variations at Mars, with
correlative data from solar observations, will help solve this problenm.
The observations can be made from the surface of Mars, as well as from
orbit and during transit phases.

Gamma Rays

Gamma rays are emitted impulsively during very short astronomical
events. The location of these events 1s determined through timing of the
detection of the gamma ray pulse at widely spaced spacecraft. Placing a
gamma ray event detector on Mars would help with these calculations by
making it easier to do the timing calculations.
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Summary
All types of astronomical observations are technically possible from

the manned Mars mission, and it is desirable to go into space for many
of these observations. However, the advantages of going into space are
equalled or even exceeded by placing many of the instruments in low Earth
orbit (LEO), rather than sending them to Mars. The reason for this is
that the main purpose for going to space is usually to avoid atmospheric
interference and the day/night cycle. These goals are best achieved from
LEO or, to avoid the day/night cycle, from a polar orbit or near-Earth
stable position.

A more distant observing position is required by four types of
observations. The first is any measurement which might be obstructed by
the Earth's hydrogen geocorona - which extends out to many Earth radii.
The second is any radio observation of low magnitude objects which might
be obstructed by artificial radio sources on and near the Earth. This
second source of pollution also extends to several Earth radii at some
wavelengths and has led to suggestions for observatories on the opposite
side of the Moonl. The third is a cosmic ray observatory/detector on the
Mars orbiter and on the surface, to monitor solar cosmic rays and provide
a more global view of how solar disturbances and evolution modulate
galactic cosmic rays. The fourth is a gamma ray detector to give a long
baseline for gamma ray event timing and triangulation. A minimal
instrument package to meet these goals is outlined in Table 3.

Also, it will be essential to conduct solar observations from the
manned Mars mission for the purpose of activity monitoring and predic-
tion, complimented by solar whole-disk x-ray detectors and energetic

particle monitors.
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TABLE 3
OTHER INSTRUMENTATION

Backscatter Solar Lyman Alpha

Utilizes solar telescope
Special filter
Weight < 5 kg
Power No additional

&
2
l’?
3

Utilizes solar telescope
Special filter

Weight < 5 kg
Power No additional
Radio Astronomy
Dish antenna
Weight < 100 kg
Power < 1 kw receiving
< 10 kw transmitting
Dipole array
Weight < 100 kg
Power < 1 kw receiving
Ionosonde
Weight <100 kg
Power <1 kw receiving
< 10 kw transmitting

Cosmic Ray Detectors/Telescope
Weight < 10 kg

Power < 1 kw

Gamma Ray Detector
Weight < 20 kg

Power <1 kw
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NANNED MARS NISSION AND PLANETARY QUARANTINE CONSIDBRATIONS‘

Joseph C. Sharp
NASA Ames Research Center
Moffett Field, California

ABSTRACT

A short review of the history of planetary guarantine, the issues
and changes in official advisory groups' pronouncements are presented.
Then a discussion of the current situation and some ideas on how best to
address them are outlined. Both manned and unmanned or automatic
missions are discussed and their advantages and impediments outlined.

The first, and probably the most vexing aspect of this issue is the
insufficiency of data that are both conclusive and relevant. Data are
needed both about the presence (or its historical existence) of life on
Mars, and about the conditions on Mars that may support "foreign" 1life
forms. As a consequence of this paucity of data, proponents of any one
side of this multifaceted issue have and will continue to profess the
probity of their beliefs. More, better and germane data will tend to
lessen the intensity of the discussions.

A little background and a review of the history of Mars Planetary
Quarantine will be useful to those unfamiliar with the issues. When
exploration of the solar system started to become practical back in the
1960's, there was concern that some terrestrial organisms might be
carried to a planet and thereby establish themselves in their new
environment. Once established on this non-terrestrial planet or
satellite, it was feared that terrestrial organisms would upset the
natural environment there and destroy or modify it irrevocably. The
subsequent study of such a "contaminated" body would, therefore, become
much more complicated and confusing. This would be especially true if
the objective was the study of extraterrestrial biology. For these
reasons, there was general agreement among scientists that solar system
research should be conducted in ways that virtually precluded earthly
organisms from "contaminating" the target body. This principle was
discussed on an international level by delegates to the Committee on
Space Research (COSPAR). These discussions resulted in a resolution
establishing a criterion of 10'3 chance of contaminating a planet 1like
Mars during the period of "biological exploration." The time period of
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"biological exploration" was at first assumed to be 20 vyears. More
recently, the period has been extended to 50 years.

The United States and the Soviet Union approached the problem
differently. The United States used an analytic approach; that is, all
known (or assumed) factors that could lead to ‘"contamination" were
considered. Some of these factors were: determination of the "biologi-
cal load" of a spacecraft (what numbers and kinds of organisms were
launched with the vehicle), detailed assessment of the probability of
survival of the organisms during the flight to the planet and during
entry into the planetary atmosphere, and most important, the probability
of growth (PG) in the organisms' new environment (assuming viable
organisms reach the planetary surface - or atmosphere). Of course, there

was and is, no way to accurately calculate P It's estimate was based on

what we knew of the particular solar system gody in question, and in the
case of Mars, upon simulation experiments to determine the viability of
terrestrial organisms in the Martian environment. The actual setting of
PG on Mars was based on a study of all relevant information available at
the time by the Space Science Board of the National Academy of Science.
For most solar system bodies, the estimate of PG was so low that the
COSPAR criteria could be met by simply sending a reasonably clean space-
craft. The PG for Mars was estimated to be high enough to require
positive measures to drastically reduce the load at launch. This led to
a requirement that the Viking landers be heat "sterilized"”, as well as
protected from later contamination during passage through the Earth's
atmosphere.

The Soviet Union implemented the COSPAR resolution by a combination
of heat and chemical "sterilizations”, followed by an actual
determination, of a duplicate spacecraft literally ground up and cultured
for all possible organisms. The results claimed to show that no
organisms survived these procedures, and hence, there was no chance to
contaminate Mars (Vashkov, et al., in "Life Sciences and Space Research",
XII, 199, 1974).

NASA has recently developed a new strategy to comply with the COSPAR
guidelines on out-bound spacecraft. At COSPAR's last session, this new
strategy was accepted. This strategy no longer requires an estimate of
PG' The new proposal suggests establishing, a priori, five categories of
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solar system missions, and for each category indicating what level of
concern exists, and what quarantine measures would be activated for each
category. This determination of categories does not, in my view, change
the fundamental problem; the stipulation of ﬁhat category and particular
mission will be assigned will be based upon "advice from the scientific
community” (in the United Stated probably the Space Science Board). For
Mars, some sort of collective judgement will still have to be made,
taking into account the planet's "friendliness to terrestrial organisms".
This process of determining a judgement is, essentially, what went into
establishing a PG for Mars in the first place.

What is the current status of our knowledge about the environment on
Mars relative to growth of terrestrial organisms? As the consequence of
a post-Viking assessment of Viking data, the Space Science Board has
reduced the PG for Mars (NASA Publ., "Recommendations on Quarantine
Policy", 1975). These recommendations were largely based upon finding no
detectable organic compounds at the two landing sites (even in a
protected area under a rock); the extremely oxidizing nature of the
surface material; and the very high UV flux at the surface. All these
facts point to an extremely harsh environment for living organisms from
Earth. A note of caution however, viable cocci (bacteria) were brought
back in Surveyor equipment by the'Apollo 12 crew after several years on
the Moon. The environment on the Moon is considered to be far more
severe than that of Mars! It would be relatively easy to agree that
some terrestrial organisms might survive (not necessarily reproduce) for
a long time in some protected niche on, or in, Mars. As an extension of
this line of reasoning, most scientists probably would agree the chances
of terrestrial organisms eventually growing on Mars is exceedingly low,
but their growth cannot be ruled out. If one must be sure of no growth,
we would introduce no organisms into the atmosphere, and especially onto
the surface of Mars.

What then are the guarantine issues of landing people on Mars?
Assume the landing would accur prior to obtéining any relevant and
substantially new Martian data. For example, data from the proposed
MGCCO mission would alter thinking on this matter by providing a more
detailed understanding of the water budget on Mars.
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Two or more decades from now, will anyone care whether Mars is
contaminated with terrestrial organisms? Almost certainly! While there
appears to be a lessening in the fervor of those concerned with this
problem, when the time comes, they will probably make an issue of any
contamination. Some scientists, truly interested in comparative planeto-
logy, will not want to take the risk of introducing terrestrial organisms
into the Mars environment. Finally, there will still be open the most
fundamental questions, to laymen and scientists alike, of whether indige-
nous life exists on, or in, Mars. Scientists will probably attempt to
insist on an exhaustive test of this idea, and to do so without
introducing terrestrial organisms into the environment, assuming none
will have been introduced prior to the manned mission.

In order to eliminate or to minimize the risks of contamination of
Mars by a manned mission to that planet, should that be our policy, two
approaches are avallable. First is absolute containment of all
terrestrial biology while at Mars, and second is obtaining the requisite
information prior to sending people. In principle, it would be possible
to provide adequate technologies to achieve the former. People do work
with very dangerous and highly infectious agents on Earth. An entire
technology has been developed to contain these agents. Using a
"sterilized" lander (as done with Viking), with adequate filter, vents,
pressure regulators, etc., to prevent the escape of spacecraft
atmospheric particulars upon human egress and during EVA on Mars. The
EVA systems could not leak, as do all current systems. All this would be
terribly expensive, but in the long run it may be the only sure approach
and it will work only if no failures occur. An intermediate approach
would be the use of automated or telepresent devices in place of the
humans. The people might be kept in orbit or in a sterilized lander.
The rovers and science instruments would, of course, all be sterilized.
Since people on or near Mars are going to have to carry their own 1life
support systems with them (either as spacecraft, EVA suits, landers,
rovers, etc.) the design of all such systems have to incorporate this
very stringent specification.

The second approach to helping eliminate the risk of contaminating
Mars is fraught with serious difficulties. Prior to sending people to
the surface, we must obtain the necessary information to assure that
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contamination cannot occur. In the past, many investigators have
performed simulations to determine if organisms can grow in the Martian
environment, both in the United States and in the Soviet Union. These
efforts have shown the UV flux on Mars was the single most potent delete-
rious agent to terrestrial organisms. It could always be argued that
almost any thin layer of shielding material could protect terrestrial
organisms, even on Mars. In this connection, it may be of some use to
again consider simulation studies. These should be done in the light of
Viking data from Mars (e.g., if there is actually no organic material in
the Martian environment, which terrestrial organisms could possibly main-
tain themselves there? What would they eat? If they were photosynthe-
tic, how could they obtain their radiant energy while protected from the
UV, etc.?) Some in-depth studies might be useful when the time comes to

place a Mars mission into one of the five NASA planetary quarantine

categories. In this regard, more information about what makes the Mar-
tian "soil"” could be extremely useful. We do not know which, if any,
nitrogen-contalning compounds are in the surface material. If all the

nitrogen on Mars is in the atmosphere, this would drastically reduce the
kinds of terrestrial organisms that could grow there to a few species of
blue-green algae and bacteria. What is the nature and distribution of
the postulated oxidizing matter on Mars? As mentioned above, a thorough
knowledge of where the water 1s on Mars, and what translocations of water
occur would help immensely in putting 1limits on the prospects of
contaminating Mars.

For these and similar reasons, the more information about Mars that
can be obtained on precursor missions the easier the design specification
for the manned missions would be. A series of carefully thought-through
precursor missions designed to glean data to better assess the proba-
bility of contaminating Mars would probably be money and talent well
spent. In the final analysis, it must be recognized that all data
collected about Mars will serve for ever more accurate analytic
assessment of whether or not terrestrial organisms can survive, and grow
on Mars, thereby "contaminating" it.

In the end, the best case that can be made to allay the concerns of
whose who would protect Mars from terrestrial organisms will be the
design of a system that contains all terrestrial organisms. It is quite
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certain that analytic methods will never give the confidence that well-
developed systems and carefully thought-through procedures will give.
The pragmatic issue will ultimately be a weighing of the costs versus
gome ill-defined confidence level. It seems this sort of trade is the

forte of NASA and its associated "advisors."

*

Many of the ideas and issues in this paper are taken from the work
of H. P. Klein. His help in formulating the positions taken herein are
appreciated by the author.
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MANNED MARS NISSION
SOLAR PHYSICS:
SOLAR ENERGETIC PARTICLE PREDICTION AND WARNING

S. T. Suess
Marshall Space Flight Center
Marshall Space Flight Center, AL

ABSTRACT

There are specific risks to the crew of the manned Mars mission from
energetic particles generated by solar activity. Therefore, mission
planning must provide for solar monitoring and solar activity forecasts.
The main need is to be able to anticipate the energetic particle events
associated with some solar flares and, occasionally, with erupting fila-
ments.

A second need may be for forecasts of solar interference with radio
communication between the manned Mars mission (during any of its three
phases) and Earth.

These two tasks are compatible with a small solar observatory that
would be used during the transit and orbital phases of the mission.
Images of the Sun would be made several times per hour and, together with
a solar x-ray detector, used to monitor for the occurrence of solar
activity. The data would also provide a basis for research studies of the
interplanetary medium utilizing observations covering more of the surface
of the Sun than just the portion facing the Earthl.

THE RISKS

Severe injury or even death can result from exposure to solar ener-
getic particles. The Earth's magnetosphere and atmosphere protects us on
the surface of the Earth. 1In space, beyond the Earth's magnetosphere,
there 1is no equivalent protection except for that offered by the space-
craft itself.

Energetic particles exist in negligible fluxes at all times. How-
ever, occasionally the Sun emits bursts of these “"solar cosmic rays" in
fluxes sufficient to cause the above-mentioned risks. When this happens,
the particles travel outward into the solar system at a large fraction of
the speed of light, with a flux that falls off inversely with the square
of the distance from the Sun. It takes at least 15 to 20 minutes for them
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to reach the Earth, corresponding approximately to at least 30 minutes to
reach Mars. The "events" can last up to several days.

THE SOLAR PHENOMENA

2,3,4 A flare

The solar events are flares and erupting filaments.
occurs in a solar active region around a sunspot group. A filament lies
along a neutral line dividing regions of oppositely directed photospheric
large scale magnetic field.

Flares can be directly observed in the hydrogen-alpha spectral line
and regular solar flare patrols are made at several observatories around
the world. These same observatories monitor the appearance, maturation,
and death of sunspots and the general evolution of the sunspot cycle. The
relationships between flares and sunspots is well enough understood so
that flare forecasts and warnings now are issued daily, in the form of a
prediction of the probability that a flare of a particular magnitude will
occur and whether there will be energetic particles. These predictions
are significantly better than guesswork.

Erupting filaments normally prodﬁce fewer energetic particles than
do flares - although not always. It is only in recent years that the role
of erupting filaments in the overall picture of solar activity has been
even appreciated. Filaments are monitored along with sunspots but, al-
though it is possible to assign a probability to filament eruption, no
predictions are presently being made for filament eruptions.

Filaments and sunspots are rooted in the photosphere of the Sun so
that they rotate with the Sun - which goes through one complete revolu-
tion every 25.5 days (sidereal). Thus, the activity would only be on the
disk of the Sun for 12.75 days out of any given solar rotation - or half
the time. This reduces the risk from i1solated activity because the ener-
getic particles are beamed out into space but cannot travel around the
limb of the Sun. Unless extremely close to the limb, any activity behind
the limb would have no life-endangering effects. However, there is often
more than one activity center on the Sun so that the sum of risks from
each individual center needs to be considered.

In conjunction with the monitoring of filaments and flares, the
entire menagerie of solar phenomena is observed and mapped daily. Most
data is collected from the Earth's surface, although energetic particles
and whole-disk x-ray emission are observed from space. By the time of the
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manned Mars mission, there will be x-ray telescopes and coronagraphs in
orbit that are dedicated to synoptic solar observations for the purpose
of monitoring and forecasts.

SOLAR ASTRONOMY

Solar optical observations show the photospheric structure of the
Sun and, with simple filters, map the large scale magnetic field struc-
ture, sunspots, filaments, and flares. During a large part of the tran-
sit, the side of the Sun exposed to the spacecraft will be invisible
from the Earth. Observations of the sun in the hydrogen-alpha spectral
region would therefore be necessary for solar flare/erupting filament
prediction and warning. These observations would be made during all three
phases of the mission. A second option would be to place at least two
spacecraft in 1 AU orbits but evenly separated in longitude with respect
to the Earth. These two options are evaluated in Table 1, with a
preference being indicated for placing a solar telescope on the Mars
Mission spacecraft due to transmission delays in the second option.

Additional solar observations are possible with more complex instru-
ments - including magnetic field and velocity measurements. However, it
is probable that these observations would be more efficiently and
accurately made from Earth orbit spacecraft.

The inclusion of a 25- to 40?cm telescope for solar observations
with supporting equipment such as special filters will make possible many
interesting non-solar observations. The position of several of the solar
system bodies may be tracked with exceptional accuracy. Planets can be
observed to determine their albedo in the UV and visible ranges. Oppor-
tunities may occur for the observation of stellar occultation by the
outer planets, and ephemerides should be developed for these observa-
tions. Other opportunities may occur for the observation of cataclysmic
variables.

CONCURRENT OBSERVATIONS

In order to utilize the solar observations for research purposes,
concurrent observations of other solar and interplanetary processes will
be made from the manned Mars mission. The intent is to make a coordinated
set of scientific observations aimed at solving specific problems. The
problems that can be addressed deal with the interaction between solar
particulate and electromagnetic emissions and the dynamics and evolution
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Requirement

Solution

Options

Recommendation

TABLE 1

OPTIONS

Observation and prediction of solar
activity that may affect the Manned

Mars Mission

Observation and monitoring of the
portion of the Sun facing towards
the spacecraft at all times during

mission

1. Solar observatory on spacecraft

2. At least two other solar
observatories in orbit around
the Sun at 120 and 240 degrees
away from the Earth, at 1 AU.

Option 2 would permit observation of the
entire Sun at all times. It would also
require at least a 30 minute delay time
between detected activity and notifica-
tion of the Mars Mission. Therefore,
option 1 seems to be the only viable

choice.
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of the Martian atmosphere. Of particular interest are upper atmospheric
dynamics and chemistry because this will show what is he.pening to the
water in the atmosphere.

Some coordinated experiments are shown in Table 21.

SPACE ENVIRONMENT SERVICES CENTER (DOC/NOAA/ERL/SEL)

Space environment services are provided by this agency (SESC) for
the entire U.S. -- both civilian and military. Their activities are
briefly summarized in Tables 3 through 7. Their services are essential to
the Mars mission because they provide ongoing interpretation of the state
of the Sun and both short and long term predictions. They would use the
observations made from the Mars mission to assess current risks. They are
analogous to the Weather Bureau providing weather conditions and fore-
casts to the whole continent as a supplement to the observations made and
broadcast by a local TV station. The TV station can tell if there is a
tornado right now, but the Weather Bureau provides warnings to be on the

lookout for a tornado in 6 hourss.

TABLE 2
COORDINATED EXPERIMENT PACKAGE (INCOMPLETE)
Instrument Location

Magnetometer and plasma detector to measure Orbiter
interplanetary parameters

Low energy plasma analyzer to measure Free Flying
ionospheric dynamics/constituents Low Orbiter
Ionospheric topside sounder Orbiter
Ionosonde Surface
Lidar Surface
Meteorological Instruments ' Surface
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TABLE 3
ABBREVIATED SUMMARY OF DATA SOURCES USED BY SESC

Type Primary Source

Solar Patrol

x-rays, 1 minute averages Geostationary satellite
Hydrogen alpha, continuous Ground observatories
Radio, 10.7 cm, 1 minute Ground observatories

Solar Synoptic
Hydrogen alpha All are ground based
White light images
Ca K-line images
Helium 10830 images (shows coronal holes)
Magnetograms (full disk and regional)
Sunspot reports
Solar mean field
10.7 cm radio flux

Energetic particle patrol

Protons to 500 MeV, 1 minute averages Synchronous orbit satellite

Miscellaneous

Neutron monitor, 15 minute averages Ground based

High latitude riometers (energetic
protons), 15 minute averages

Ionosondes, hourly (solar ionizing
radiation)

581



Telephone:

Teletype:

TABLE 4
SESC DATA DISTRIBUTION SYSTEMS

- FTS (Federal Telephone System)

- WATS (Wide Area Telephone Service)

- Commercial Telephone Service

- Dedicated Telephone Lines (Hot Lines)

- Recorded Information Numbers

- ATN (Astro-geophysical Teletype Network)
- AUTODIN (U.S. Government Teletype Service)
- Commercial Teletype Services

- Secondary Networks

Computer Links:

- Space Environment Laboratory Data Acquisition

and Display System (SELDADS) Public User

- Dedicated Data Links

WWV Shortwave Broadcasts

Mail

TABLE 5

SESC OBSERVED INDICES AND ACTIVITY SUMMARIES

Solar Active Region Summary Report

Sunspot Number

Flare (and Other Event) Lists

Solar Neutral Line Analysis and Synoptic Maps
Ten Centimeter Flux

Solar Proton Events and Proton Flux

SST Radiation Levels

Geomagnetic A- and K- indices

Substorm Log

Sector Boundaries (at 1 AU)
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TABLE 6
SESC ALERT CATAGORIES

SOLAR FLARES

t

X5 (1-8 Angstrom X-ray Classification)
X1

M5

3B (Optical Classification)

2B

1B

MAGNETIC DISTURBANCES

A >= 50 (real time A measured at Boulder)

A >= 30

A >= 20

K >= 6 (real time K measured at Boulder)

K >= 5 observed in successive three-hour intervals
K >= 5 ‘

K >= 4

Sudden Commencement

RADIO BURSTS/NOISE STORMS

PROTON

Proton Flux (E > 10 MeV) > 10 cm 2sec lsterad”

10 cm Radio Burst Greater Than 100 Flux Units
245 MHz or Noise Storm

Type 11 and/or Type IV Decametric Emission

EVENTS
1
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TABLE 7
SESC PREDICTIONS

LONG TERM SOLAR ACTIVITY AND SOLAR RADIATION LEVELS
- Smotthed sunspot number (1 month - 10 years)

- Geomagnetic activity and ten-centimeter flux
(1 month - 10 years)

- General level of solar activity (27 days)

SOLAR ACTIVITY - SHORT TERM
- Solar Flares (1, 2, 3 days)
- Solar proton events (1, 2, 3 days + post flare

prediction)

SOLAR RADIATION LEVELS - SHORT TERM

- Ten-centimeter flux (1, 2, 3 days)
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PLANETARY SCIENCE QUESTIONS
FOR THE
MANNED EXPLORATION OF MARS

Douglas P. Blanchard
NASA Johnson Space Center
Houston, TX

ABSTRACT

A major goal of a manned Mars mission is to explore the planet and
to investigate scientific questions for which the intensive study of Mars
is essential. The systematic exploration of planets has been outlined by
the National Academy of Science. The nearest analogy to the manned Mars
mission is the Apollo program and manned missions to the Moon, but the
analogy is limited. The case is argued here that Mars may have to be
explored far more systematically than was the pre-Apollo Moon to provide
the detailed information necessary if we plan to use any of the resources
available on Mars. Viking missions provided a wealth of information, yet
there are great gaps in our fundamental knowledge of essential facts such
as the properties of Martian surface materials and their interaction with
the atmosphere. Building on a strong data base of precursor missions,
human exploration will allow great leaps in our understanding of the
Martian environment and geologlc history and its evolutionary role in the
solar system.

INTRODUCTION

The exploration of the planets is among the most exciting and chal-
lenging endeavors of science and the human curiosity. The ablility to
send spacecraft to other bodies of the solar system is a recent develop-
ment in human history. Surely the astronomers of many centuries ago
would be envious of our opportunities.

A major stated goal of a manned Mars mission is to explore the
planet and to investigate scientific questions for which the intensive
study of Mars is essential. The orderly exploration of the solar system
proceeds within a logical framework which has been carefully debated and
is well docunented.(1'2'3'4) But, that logical plan for the orderly
exploration of the Moon and the planets and their moons can be disrupted
by external events and budgetary contingencies. Still, for whatever the

reason we are allowed to follow our fancy to Mars, the fundamental
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scientific problems and questions should be kept in the forefront of our
planning. This mission is an integral part of the overall strategy for
the study of Mars, building on the knowledge from preceding missions and
forming the foundation for subsequent missions.

This paper will look at the logical plan for planetary exploration
and compare that to a sketch of the exploration of the moon which culmi-
nated in the landing of twelve men on the Moon's surface. It will look
at what we have learned from previous missions to Mars and discuss some
of the specific scientific priorities for the exploration and study of
Mars.

THE PLANETARY EXPLORATION MODEL

The primary scientific goals in exploring the solar system
are to determine the composition, structure, and environment of
the planets and their satellites in order to define the pres-
ent morphology and dynamics of the solar system and with the
purpose of making major steps in understanding the processes by
which planets formed from the solar nebula and how they evolved
with time and how the appearance of life in the solar system is
related to the chemical history of the system. The investi-
gation of the interplanetary and interstellar medium is
considered an intrinsic part of such an endeavor.

Space Science Board 1975(1)

Models for the exploration of the planets have been presented by the

SSB (Space Science Board of the National Academy of Sciences and
Complex Committee on Planetary and Lunar Exploration(a) of the Space
Science Board. The models identify three stages in the unmanned explora-
tion of any planetary body: (1) Reconnaissance stage of flyby and hard
lander missions; (2) Exploration stage of orbiter and entry probe
missions; and (3) Intensive study stage of soft landers and sample
returns. Missions involving humans represent a special case of intensive
study as well as an advanced stage in themselves.

The solar system exploration strategy as stated by the SSB(l)
follows the principle that the overall exploration of the solar system
should advance more or less evenly for all of the planets, sending
"reconnalssance"” missions to all of the planets before we move into the
"exploration" and "intensive study” of any of them. The principle is
admittedly tempered by the technical difficulty of even the most
rudimentary mission to distant outer planets. Consequently, the plan
calls for advancing the exploration of selected inner planets while
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continuing the reconnaissance of the outer planets. A manned mission to
Mars is a significant anomoly to this orderly exploration plan. The
decision to undertake this mission will be made on many considerations in
addition to purely scientific issues.

MANNED PLANETARY EXPLORATION BASED ON THE LUNAR EXPERIENCE

Human events and budgets affect the orderly course of planetary
exploration. The Apollo program of lunar exploration is an example in
which political events strongly influenced both the objectives and the
pace. 1t is likely that the commitment to send humans to explore Mars
will have much in common with the commitment to send humans to explore
the Moon. 1t may be fruitful to examine the lunar exploration experience
for lessons that can be applied to the manned mission to Mars.

The race to the Moon was conducted by the U.S. and U.S.S.R. along
roughly equivalent developmental paths (Tables 1 and 2). Both programs
progressed through the reconnaissance phase using flybys and hard
landers, and through the exploration phase with orbiters and soft
landers. Finally, the U.S.S.R. returned samples with three automated
landers, and the U.S. returned samples and explored the Moon with six
landing teams.

The exploration stage of lunar science was truncated by the politi-
cal urgency to land men on the Moon before 1970. As a result, we still
do not have high quality global maps nor do we have global mineralogical
and chemical data. In some respects we have more complete global
coverage of Mars than we do of the Moon because of the extended coverage
of Mariner 9 and the two Viking orbiters. Only now, with attention
returning to the Moon and with a lunar base a possibility, is a more
systematic exploration of the whole Moon getting started with the pro-
posed Lunar Geochemical Observer (LGO).

There are important lessons to be learned from the Apollo exper-
ience. Scientifically and developmentally, the Apollo missions were an
anamoly. As long as the Apollo missions were totally self-sufficient and
the objectives of the missions were primarily engineering objectives,
there was little need for more detailed exploration. A lunar base will
not be a totally self-sufficient system. It will need to use some of the
resources available on the Moon. As a result, there is a need to resume
the detailed global exploration of the Moon with LGO and to follow with
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intensive study of selected areas, with possibly automated sample
returns.

The exploration phase for Mars may have to be far more systematic
and thorough than was the pre-Apollo exploration of the Moon. The
thoroughness of the prelanding exploration will depend on the extent to
which the proposed manned Mars mission will use systems that depend on
being recharged using locally available resources on the Martian surface.
The Mars manned exploration scenario is made somewhat simpler if it can
regenerate at least some of its simpler systems at Mars. To enable any
such simplification, we will need a detailed knowledge of the Martian
surface and certain knowledge of the regions of Mars that will have
proven resource potential. The pace of Martian exploration may be some-
what slower than was possible for the Moon because of the infrequent
opportunities and the technical difficulty. Nevertheless, as evidenced
by Mariner and Viking orbiters, well planned capable precursor missions
such as those planned for the observer class missions of the planetary
exploration program can add immensely to our knowledge base.

OUR PRESENT KNOWLEDGE OF MARS

The reconnaissance stage of the exploration of Mars was accomplished
by the Mariner flyby missions of the 1960's and Mariner 9 Mars orbiter in
1971. After several unsuccessful Russian attempts to visit the planet,
the U.S. continued systematic exploration with the Viking landers and
orbiters in the late 1970's. With the data from these exploratory mis-
sions, our wunderstanding has progressed to the level to support the
beginning of the detailed exploration of the planet.

With Viking, a more intensive investigation of Mars began. It was
discovered that there are only very low levels of hydrocarbons and no
direct evidence of life(4) (Table 3). The tenuous atmosphere is depleted
in nitrogen and generally enriched in the heavy isotopic species of the
atmospheric gases. We have only the simplest idea of the composition of
the materials on the Martian surface(s) (Table 4). The polar caps appear
to have permanent water ice and seasonal carbon dioxide ice. Water,
while present in the atmosphere, is present only in small amounts. A
ma jor sclentific question is the evolution and fate of the Martian atmos-
phere and the history of the volatiles(s) (Table 5).
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TABLE 3

VIKING MARS SCIENCE HIGHLIGHTS
No definite evidence for biological activity in soil, despite unu-
sual chemical reactions produced in life detection experiments.
surface rocks resemble basalt; surface chemistry resembles altered
basalt.
Polar cap in North made largely of water ice, with lesser amounts
of solid carbon dioxide.
Isotope ratios of carbon and oxygen in the atmosphere resemble those
in the Earth's atmosphere.
Loss of nitrogen to space has produced isotopic ratios on Mars that
are different than those on Earth; the heavy isotope of nitrogen
(15N) has been preferentially retained.
Abundant erosional channels on surface suggest that Mars could
have had a denser atmosphere in the past and may have had
liquid water on its surface.
Noble gas abundances (Ar and Ne) suggest that Mars has a lower
volatile content than either Venus or Earth.
Red color on the surface is due to oxidized iron.
Soil is fine grained and cohesive, like firm sand or soil on
Earth. '
Water compounds and sulfur compounds are present in soil.
Small-scale land forms formed by aeolian (wind) processes.
Typical surface temperatures range from about -84° c at night
to -29° C in the afternoon.
surface pressure of the atmosphere (only 0.8 percent of the
Earth's) varies seasonally in accordance with the sublimation
of the polar caps.
Martian moons (Phobos and Deimos) are grooved, indicating that
incipient fracturing has occurred; they are heavily cratered

and may be captured asteroids.
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TABLE 4
COMPOSITION OF MARTIAN SURFACE MATERIALS(S)

CHRYSE CHRYSE CHRYSE UTOPIA ESTIMATED
FINES DURICRUST DURICRUST FINES ABSOLUTE
ERRORS
SiO2 44 .7 44.5 43.9 42.8 5.3
A1203 5.7 n/a 5.5 n/a 1.7
Fe203 18.2 18.0 18.7 20.3 2.9
Mg0 8.3 n/a 6 n/a 4.1
Ca0 5.6 5.3 5.6 5.0 1.1
K20 <0.3 <0.3 <0.3 <0.3
TiO2 0.9 0.9 0.9 1.0 0.3
SO3 7.7 9.5 9.5 6.5
Cl 0.7 0.8 0.9 0.6 0
SUM 91.8 n/a 93.86 n/a
________ | I IS N R R
TABLE 5
COMPOSITION OF ATMOSPHERE AT MARTIAN SURFACE(S)

Carbon dioxide 95.32%

Nitrogen 2.7%

Argon 1.6%

Oxygen 0.13%

Carbon monoxide 0.07%

Water vapor 0.03%

Neon 2.5 ppm

Krypton 0.3 ppm

Xenon 0.08 ppm

Ozone 0.03 ppm

ISOTOPE RATIOS

RATIO EARTH MARS

c::/cig 89 90

0 /0% 499 500

NN 277 165

AclD¢ar®s 202 3000

Xel29/xe 0.97 2.5
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MARS SCIENCE GOALS AND PRIORITIES
COMPLEX(Z) divides the strategies for the exploration of the inner

planets into two groups, one for bodies without atmospheres and one for
bodies with atmospheres. Their recommendation was to make the triad of
planets with atmospheres the focus of the exploration attention in the
period of 1977-1987.

The three planets Earth, Venus, and Mars were seen by COMPLEX to
represent a "natural experiment in planetary evolution." The first
experiment produced Earth with its abundant volatiles and free water in
the oceans and atmosphere. Water on the Earth plays a central role in
the morphology of the planet and in the origin and sustenance of 1life.
The second experiment produced Venus. Venus has been nearly completely
degassed but has very little water in its atmosphere. Presumably, many
of the light volatiles, including water, have been lost to the intense
heating that characterizes the Venus surface. Mars is the product of the
third experiment. Mars has lost much of its atmosphere but has not been
thoroughly degassed as a planet. Substantial amounts of 1liquid water
have clearly played a role in the formation of the surface morphology of
the Martian surface, yet no liquid water is known to exist on the surface
today (and probably none has been on the surface since very early in the
planet's evolution). 1Is Venus a more thoroughly evolved Earth? Has Mars
been cut short in its evolution and does it still retain the potential to
develop into an Earth-like planet that in some future era may also be
hospitable to life?

The science objectives for the study of Mars in the post-Viking era
are primarily geological and geophysical. With the first order knowledge
that present 1ife on Mars is unlikely, the objectives for further study
are defined by the need for primary information about the planet Mars and
its atmosphere which is essential to understand its place in the evolu-
tion of the solar system. This same information is important in the
debate over the probability of past life on Mars. After the Earth, Mars
is the next-most-likely planet for the support of life. Although the
essential elements for life are present, no proof of present 1life has
been forthcoming.

Careful studies of the surface materials and the evidence therein
for interactions between the atmosphere and the Martian surface may prove
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extremely valuable for understanding the evolution of the Martian atmos-
phere. Precise dating of the surface rocks and soils will allow the
major geologic processes to be put into chronological sequence. Strati-
graphy of carefully recovered cores and samples from layered deposits
will give insight into the more recent effects of geological processes
and the nature of the processes themselves.

A list of science objectives has been assembled by the Solar System
Exploration Committee (SSEC)(4) for the exploration of Mars. The list
(Table 6) defines the basic science tasks on Mars. Many of the tasks
require global perspective and are appropriate for precursor orbiters and
soft landers. Other tasks are clearly appropriate for and could benefit
greatly from the human presence on the surface of Mars. The missions to
Mars defined for the NASA Core Program of Planetary Missions address the
objectives for global exploration of Mars. Mars Geochemical Climatologi-
cal Orbiter (MGCO) will gather data on the global chemistry and the
global atmospheric circulation. The Mars Aeronomy mission will explore
the intricacies of the upper atmosphere and its interaction with the
solar wind. The Mars Network Mission will collect fundamental geophysi-
cal information on the planet as well as surveying the composition of
surface material and taking meteorological data using multiple penetra-
tors and their surface stations.

Clearly, the intensive study of the local materials is the area of
science most greatly aided by the presence of human explorers. The
global scale objectives are best done with orbiting instruments and
observers, but they too are greatly aided by having "ground truth" esta-
blished for them by human explorers.

CONCLUSIONS

Comparison of the Apollo and manned Mars missions 1leads to the
conclusion that their analogy is a limited one. We will need to do a far
more thorough exploration of Mars at a global level and intensive study
at a local level before we launch a manned mission than was done for the
Apollo missions. The chief discriminator is the need to depend on any of
the Martian resources as an essential element of the manned Mars mission
plan. While there is a good start in uncovering the mysteries of Mars,
there are many fundamental pieces of information that are lacking, espe-
cially concerning the exact nature of the surface materials and their
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TABLE 6
PRIMARY SCIENCE OBJECTIVES FOR THE EXPLORATION OF MARS(4)

Characterize the internal structure, dynamics, and

physical state of the planet.

Characterize the chemical composition and mineralogy of
surface and near surface materials on a regional and

global scale.

Determine the interaction of the atmosphere and the rego-
lith.

Determine the chemical composition, distribution, and
transport of compounds that relate to the formation and

chemical evolution of the atmosphere.

Determine the quantity of polar ice and estimate the

quantity of permafrost.

Characterize the dynamics of the atmosphere at a global

scale.

Characterize the planetary magnetic field and its inter-

action with the upper atmosphere and the solar wind.

Characterize the processes that have produced the land-

forms of the planet.

Determine the extent of organic chemical and biological
evolution of Mars and explain how the history of the

planet constrains these evolutionary processes.

Search for evidence of the signature of the early atmos-

phere in the ancient sediments.
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interaction with the atmosphere.

helpful for the detailed understanding of these phenomena at various

local areas of Mars.
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SITE SELECTION FOR MANNED NARS LANDINGS:
A GEOLOGICAL PERSPECTIVE

Paul D. Spudis
U. S. Geological Survey
Flagstaff, Arizona 86001

ABSTRACT

Issues relating to the selection of initial landing sites for manned
Mars missions are discussed from a geological viewpoint. The two prime
objectives for initial manned exploration should be the youngest,
unambiguous lava flows (to tie down the late end of the cratering history
curve for Mars) and old highland crust, which is best sampled and studied
through the use of large impact basins as natural, planetary drill-holes.
Exploration of these two sites will provide data on martian chronology,
volcanism, impact processes and gross chemical structure that will enable
a first-order global synthesis through integration of these results with
the global remote-sensing data already in hand from Viking and that to be
provided by the Mars Observer Mission.
INTRODUCTION

A system to deliver men to the surface of another planet implies
scientific capabilities many times greater than that of an automated,
unmanned exploration spacecraft (see Taylor, 1975). Although site selec-
tion for the initial manned landings on Mars will be guided by many
complex factors, the geological perspective is the purpose of this con-
tribution. Other scientific disciplines, such as geophysics, may be
interested in different sites. For the purpose of this discussion, 1
will concentrate on potential landing sites that will fundamentally
contribute to deriving a detailed knowledge of martian geologic history.
This 1involves selecting landing sites that span the vast ranges of time
and processes that we observe on the surface of Mars.

A GEOLOGIC RATIONALE FOR MARTIAN LANDING SITE SELECTION

Although numerous studies are conducted during mannned missions,
from a geological point of view, we are interested primarily in: 1)
absolute ages of regional stratigraphic units; and 2) the composition,
lithology, and possible paleontology chemistry, of rocks that make up the
martian surface. Geological mapping based on returned photographs (e.g.
Scott and Carr, 1978) has shown that Mars is a complex, heterogeneous
planet, with regional geologic units that span the range from heavily-
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cratered terrain (representing the oldest units) to very sparsely-
cratered lava flows (representing some of the youngest units).

In selecting landing sites to address the global history of Mars, a
general strategy might be based on establishing two end points for
martian geologic history. First, we would like to know the absolute age
of the youngest martian lava flows. This would answer the questions:
When did martian volcanism cease? By calibrating the lower end of the
planet-wide crater-frequency curve, the absolute age of most martian
geologic units could be derived. Moreover, sampling lava flows not only
gives us direct information concerning the composition of martian surface
units, it also indirectly provides data on the probable chemical and
petrologic nature of the martian mantle. Second, a landing site to
sample and investigate the oldest martian geologic units would provide
data at the opposite end of the age spectrum. This is best accomplished
on Mars, as it is on the Moon, by sampling the rims of multi-ring basins,
which are large impact craters that have excavated many kilometers into
the crust of Mars. We therefore, have an opportunity not only to obtain
samples of the ancient martian crust for age dating, chemistry and petro-
logy, but also the potential to establish any vertical stratigraphy that
may exist within the crust by reconstructing the basin impact target.
Additionally, all martian basin landing sites appear to be partially
embayed by numerous geologic units of diverse ages. Thus, a manned
mission to one of these sites could not only provide data for early
martian history, but also fill in gaps by sampling and dating some
intermediate age units as well.

These two prime objectives, to investigate both the latest and
earilest martian geologic units, will enable global extrapolations that
should give us a fairly complete understanding of martian geologic
history. The intermediate phases of martian history could be
reconstructed by carefully integrating global photographic and remote-
sensing compositonal data (to be provided by the MGCO mission), with the
results of manned sample return and geologic exploration. However,
detailed knowledge of martian geology will probably come only after many
generations of surface exploration. Such a long range plan is beyond the
scope of this paper; the following section will briefly describe some
selected landing sites that will maximize the geologic return of brief
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series of manned missions and will give a broad knowledge of the geologic
history of Mars and the processes that have shaped its surface.

SOME RECOMMENDED MARTIAN LANDING SITES

Mars is such a geologically diverse and complex planet (e.g. Mutch
et. al., 1976; Carr, 1981), that to compile a list of geologically
interesting landing sites to inventory all the processes that have
operated during the planet's history would be an exercise in futility.
Instead, this discussion will be confined to the two prime objectives
listed above; some additional geologic "targets of opportunity"” are
presented, in addition to the prime sites, in Table 1.

Prime Objective 1 - The youngest martian lava flows

The Tharsis province of Mars possesses some of the most spectacular
volcanoes observed 1in the solar system. 1t was recognized early in
martian exploration that vast regions of this area contain few superposed
impact craters, indicating a geologically-young age (Carr,1973; BVSP,
1981). Through detailed mapping and crater-counting of lava flows in the
Tharsis region (Schaber et. al., 1978; Plescia and Saunders, 1979;
Morris, in press), the youngest flows may be recognized (Fig. 1).

The smooth lava plains of the uppermost member of the Olympus Mons
Formation (Scott and Tanaka, 1985) have the lowest cumulative crater
density of all Tharsis flows (Number of craters > 1 km diameter = 78 /
106 klz; Morris, in press). Moreover, they are unambiguous lava flows,
displaying flow lobes and pressure ridges (Fig. 2). A mission to this
site would also have the opportunity to sample the basal scarp of Olympus
Mons, the youngest shield volcano of the Tharsis province. The elevation
of this site is between 2 and 3 km above the mean planetary level; if
this elevation is too high for a spacecraft to obtain the necessary
aerobraking capability, an alternate site exists at about 20°N, 150°
(Table 1; Fig.2). This site 1s near the 0 km contour on the global
topographic map. It consists of lava flows only slightly older than the
previously mentioned Olympus flows (N> 1 km ~ 100-200/ 106 knz; Morris,
in press). In addition to these young lavas, a carefully selected site
at this locality could investigate both the distal margins of an ejecta-
flow impact crater and the enigmatic aureole deposits of Olympus Mons
(Fig. 2), for which diverse, and mostly unconvincing, origins have been
proposed (see review in Carr,1981).
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Either of these two sites would give us samples of the youngest
unambiguous martian lava flow. As such, they would calibrate the planet-
wide crater-frequency curve and enable us to extrapolate the results from
this site to volcanic plains across the martian surface, which cover over
60% of the surface area of the planet (Greeley and Spudis, 1981).

Prime Objective 2 - The Ancient Martian Crust

Experience with Apollo lunar surface exploration has shown that
investigations of multi-ring basins and their ejecta provide good strate-
gies to reconstruct the composition and structure of planetary crusts.
The cratered terrain hemisphere of Mars displays numerous basins, in
preservation states ranging from near-pristine (e.g. Lowell; Wilhelnms,
1973) to almost totally-obliterated (Schultz et. al., 1983). By investi-
gating and sampling these basins, we can learn about the processes
involved in basin formation, the age and composition of the martian
highlands, and crustal stratigraphy and structure.

The Argyre basin in one of the best preserved, large (800 km dia-

meter) martian multi-ring basins (Fig. 3; Table 1). A landing in this
location would have several objectives. The prime sampling objective
would be the basin massifs (Fig. 3). These mountains consist of both

uplifted and rotated crustal blocks and /or basin ejecta, excavated from
many Kkilometers depth ( a model calculation suggests maximum depths of
excavation for an Argyre-size basin at 40- 50km, extrapolated from the
relation for lunar basins given in Spudis and Davis, 1985). Addi-
tionally, Kknobby-deposits (Fig.3) may well consist predominantly of pri-
mary basin ejecta, by analogy with similar deposits observed around the
lunar Orientale basin (e.g. Head, 1974). 01d plains material partially
embays Argyre basin terrain; these units may consist of old volcanic
flows that have resurfaced almost 50% of the martian cratered terrain
hemisphere (Greeley and Spudis, 1981). Finally, a variety of eolian
features, such as dune fields and etched terrain, occur within Argyre;
both the morphology and process of eolian activity could be investigated
at this site.

An alternate highland/basin site is the Isidis basin (Fig. 4; Table
1). This basin (1500 km diameter) may have been excavated to depths of
70 to 80 km into the martian crust. Objectives at this site consist of
basin massifs as described above, basin-filling lavas, and the distal
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flows of the Syrtis Major shield volcano (Schaber, 1982). Additionally,
some drainage channels occur within the rugged basin terrain (Fig. 4);
another goal of this site would be to establish the nature of these
channels, which may be of fluvial origin (Carr, 1981). An advantage of
the Isidis site over the Argyre basin site described above is its near-
antipodal location to the young volcanic sites described earlier; the
placement of a geophysical station in both the Tharsis and Isidis regions
might enable a determination of the existence and properties of a martian
core.

Additional Sites of Geologic Interest

Six additional regions on Mars of geologic significance are 1listed
in Table 1. As mentioned previously, Mars is such a complex planet, that
a list hundreds of entries long could easily be given. In this tabula-
tion, I have attempted to rank other targets only in terms of how they
will help us address key issues in martian geologic history. After
satisfying the two prime objectives, perhaps the most interesting site
from both a geological and resources viewpoint is the north polar region
(Table 1). Geologically, the polar layered deposits contain a record of
alternating deposition and quiescence that is invaluable in terms of
recent martian history. In terms of resources, the permanent polar cap
is composed of water ice (Kieffer et. al., 1977). This resource is
directly available at this site for life support at a permanent base and
for propulsion uses.

The 1list presented in Table 1 is not meant to be definitive in any
way. This is only an outline of site selection targets that will provide
answers to several key questions regarding Mars. If the lunar experience
is a guide, this initial exploration plan will probably raise many more
questions than it answers.

CONCLUSIONS

The site selection strategy proposed here will address two key
fundamental issues in martian geology: 1) the timing and composition of
martian volcanism; and 2) the nature of the martian highland crust.
Although detailed knowledge of martian geologic history will take decades
of manned surface exploration, these initial manned landings will, at the

very least, enable a formulation of the proper questions and provide a
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framework within which the evolution of Mars as a terrestrial planet can
be understood.
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ADAPTATION AND READAPTATION MEDICAL CONCERNS OF A MARS TRIP

Philip C. Johnson
Johnson Space Center
Houston, Texas

ABSTRACT

This paper deals with the ability of the human body to adapt to
microgravity environments and to later readapt to a gravity environment.
Issues specifically relating to the effects of long-duration space flight
on the adaptation/readaptation process are discussed. The need for
better health prediction techniques is stressed in order to be able to
better anticipate crew health problems and to perform corrective actions.
Several specific examples are discussed of latent diseases which could
occur during a long duration space mission, even after having subjected
the crew to thorough pre-mission checkups.

The paper also discusses the need for learning how to prevent or
ameliorate such problems as space adaptation syndrome, bone and muscle
(and possibly tissue) atrophy, immune system atrophy, and heart
arrythmias. It briefly addresses the implications of the age of the
crew, the influence of an on-board low level gravity field, and drugs as
factors in the adaptation/readaptation process.

INTRODUCTION

Anticipating a trip to Mars will first engender excitement and then
concern as the enormity of the task is realized. As this is written no
human has lived in a microgravity environment for a period as long as it
will take to reach and return from Earth's sister planet.

Before crews are selected for the historic event, Aerospace Medi-
Cine will need to develop much more skill in the art and science of
predictive medicine. In no other situation has medicine been called upon
to certify that an individual will be healthy enough to perform full duty
for two years following the pre-flight examination. The annual physical
examination is well ingrained in the practice of aerospace medicine and
is used to certify pilots. But, it is not unknown for a seemingly
healthy pilot to develop an incapacitating illness between examinations.
Generally, illness presents itself with warning signs, often first
realized on awaking in the morning sbo that the pilot can call in sick and

in that way avoid illness during the trip. Most airplane flights are
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relatively short so their duration often does not exceed the prodromal
phase and minor symptoms of an illness. NASA and the USSR have had
experience certifying astronauts and cosmonauts for mission periods up to
eight months. In orbital space flights, any mistake could be rectified by
having the crew return to Earth after the onset of symptoms from a
dangerous illness or accident. On a Mars mission, the medical luxury of
returning for hospitalization will not be possible. Therefore, a predic-
tive system which will foretell illness two years in advance should be
developed even through significant health maintenance capability should
exist in-flight.

LONG TERM HEALTH PREDICTION TECHNIQUES MUST BE DEVELOPED USEFUL FOR A
MISSION WHICH COULD LAST OVER A YEAR AND FOR WHICH EARLY RETURN TO EARTH
IS NOT FEASIBLE

When the Mars craft launch acceleration slows, the crew will sense
weightlessness (in reality, microgravity) which could continue until they
begin the braking maneuvers needed to obtain a Mars orbit. The sudden
unloading of the otolith as well as other physiological changes is
followed by what is know as space adaptation syndrome (SAS). Crews
report that the acute symptoms of SAS disappear in two to three days.
Thus it will not be a major problem for a long duration Mars mission.
However, long duration USSR crew members apparently report annoying
returns at random times of the'disorientation which they felt on
entering weightlessness. It is probable that when NASA counters the acute
symptoms, these later manifestations will be prevented. It is possible
also that if the craft has some acceleration, none of the space adapta-
tion syndrome symptoms will appear.(1)

SOLVING THE SPACE ADAPTATION SYNDROME IS NOT A PREREQUISITE TO A MANNED
MARS MISSION

During a prolonged mission bone and muscle atrophy will occur if not
prevented. In the case of muscles and bone, proper loading, stretching
and use will prevent this problem. At present a low cost method to
accomplish this has not been found. The USSR reportedly requires long
duration crews to spend several hours each day in body conditioning
maneuvers. We have no proof that these work or are even helpful.
However, neither the U.S. nor the U.S.S.R. has flown people for long

durations without the (presumed) countermeasures being taken.
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Bed rest studies suggest that it takes four hours of vigorous
walking each day to prevent negative calcium balance. Four hours daily is
obviously too long a duration for a physical fitness program. Drugs are
being looked at as a possible way to prevent bone atrophy. In micro-
gravity, if a drug enhanced bone formation it could stimulate areas where
increased calcium deposition is harmful, e.g. skull where calcium
addition could cause damage to the cranial nerves. Nature relies on the
stress and strain of everyday activity in gravity to signal the location
of bone formation. Any failure to faithfully reproduce the gravity
conditions could encourage bone formation in the wrong areas. Thus,
development of a drug to correct this problem may be difficult. An ideal
drug would keep the skeleton exactly as it was before the mission. This
might interfere with the other major function of bone. Bone is used as
a source of metabolic calcium for periods when calcium is not being added
to the system from food. Additionally, the rate of calcium absorption is
never ideal and calcium blood levels would go too high after a calcium
containing meal if there were no way to rid the plasma of the calcium
entering from the gastrointestinal tract. The kidney can do part of the
Job but its responses are relatively slow. The skeleton is used for this
purpose. Any drug which hinders bone metabolic activity would likely
result in hypercalcemia during the gastrointestinal absorptive periods
and hypocalcemia when gastrointestinal calcium absorption ceases.(2)

NASA researchers are actively investigating the muscle and bone
changes produced by microgravity. It can be anticipated that significant
brogress will be made before it is time for the Mars mission if a syste-
matic investigative road-map is implemented. Unfortunately, these
atrophies are best studied in microgravity and there is no plan for long
duration U.S. missions until the Space Station. U.S. researchers are thus
confined to ground based studies or experiments which look at the problem
for periods of only about a week, the maximum planned duration of
Shuttle flights. The USSR has longer missions. A cooperative program
using the advanced technology and equipment of U.S. researchers during

USSR Space Station missions would be mutually advantageous.
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LEARNING HOW TO PREVENT OR AMELIORATE MICROGRAVITY INDUCED BONE AND
MUSCLE ATROPHY IS AN IMPORTANT MEDICAL PREREQUISITE TO A MARS MISSION

NASA is just now learning the extent of the heart mass changes
produced by the changed cardiac dynamics of microgravity living. (3) It
ijs known that the microgravity cardiovascular adaptation causes un-
desirable symptoms on return to gravity. The cardiovascular changes are,
in one sense, normal adaptation to the microgravity environment and,
again a normal adaptation upon return to a gravity environment. NASA is
beginning to learn also that the spontaneous adaptation to microgravity
which causes changes in heart size may be associated with cellular
changes in the heart which make the heart less stable electrically and
thus more sensitive to arrythmias. EVA crewmen who never before showed a
tendency to develop cardiac arrythmia can spontaneously develop them
during or following an EVA. Whether this would be true also in the low
G of Mars is unknown. This phenomena can be studied during the Shuttle
era if plans are made to include regular cardiac monitoring during EVA.

LEARNING MORE ABOUT THE ELECTRICAL INSTABILITY OF THE HUMAN HEART
ASSOCIATED WITH EVA ACTIVITIES IS AN IMPORTANT NASA GOAL

There are other atrophles associated with microgravity living. An
interesting example 1is the decrease and leveling out in the number of
circulating red blood cells which occurs early during a space flight and
seems to continue throughout missions as long as six months(4). The
reasons for this atrophy is unknown. The operational impact of a de-
crease in the circulating red blood cell mass is not very great, but
unknown now is whether the bone marrow should respond normally if a crew
member were to have a hemorrhage great enough to require a response in
the bone marrow, although clearly the marrow is replenishing red cells
once the lower level of red cell mass is reached. A large hemorrhage
might come from the laceration of an accident or from a bleeding ulcer.
Either way, the bone marrow would have to respond to prevent serious
consequences. There are some who believe that the red cell decrease may
be the most obvious example of a more extensive atrophy of body cells
brought on by exposure to microgravity. Whether microgravity induced
atrophy of other areas is of importance to the well being of a crew

member is unknown at this time.
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A GENERALIZED ATROPHY OF TISSUE CELLS MAY BE PRESENT DURING MICROGRAVITY
LIVING. THE OPERATIONAL SIGNIFICANCE OF THIS NEEDS TO BE LEARNED FOR
CONTINUED SUCCESS OF MANNED SPACE ACTIVITIES

Malignancies are another class of diseases for which medicine has
yet to develop good predictive techniques, with the possible exception of
cervical carcinoma. Certainly no one thinks it unusual when an individual
develops clinical cancer a few months after being called physically fit
by the examining physician. A single example makes this point. There
existed an individual who as & research subject did much to enhance
medical scilence. His esophagus was destroyed by lye ingestion during
childhood. To allow him to eat, an accessible gastrostomy was placed on
the abdomen. The physician/scientist caring for this patient used the
gastrostomy for research studies several times each year. After a
series of studies, the subject returned home for periods up to six
months. Two months after a study series, the subject called the scien-
tist to report bleeding that day from the exposed gastric mucosa. This
had not previously happened. Brought immediately to the medical center, a
small ulcer was visible. On biopsy it proved to be gastric cancer. Prac-
ticing physicians can document similar gsituations with cancer of the
breast and lung appearing soon after negative chest x-rays and mammo-
grams. Thus, it is desirable to have ways to predict cancer well before
it 1s currently clinically recognizable. The potential for malignant
change could be greater during a space flight because of increased
exposure to radiation.

PREVIOUSLY UNDIAGNOSED MALIGNANT DISEASE HAS TIME TO BECOME CLINICALLY
SIGNIFICANT DURING A MARS TRIP

The crew living in what amounts to an isolated state would have less
problem with infectious disease except from those pathogens brought with
then. The human adapts to isolation by a gradual decrease in the immune
surveillance system since it is not called upon daily to respond to new
disease threats. The immune system atrophies much as an unused muscle
atrophies. It has been learned from the Antarctic isolations that sympto-
matic respiratory virus infections regularly appear among the station
complement months after the start of the isolation.(5) It is generally
believed that these viruses have been sequestered in one of the crew.
This is similar to the reappearance of the chicken pox virus as herpes
zoster years later. Some infectious diseases, for example acquired immune
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deficiency syndrome, have incubation periods over one year in length and
during the incubation period diagnosis is not now possible. It is
possible also that illnesses appear because the virus has been present in
food since its preparation. Presterilization of the food supplies has
been part of the space program since the Mercury missions. An additional
factor are aerosols and dust which in a weightless environment do not
settle quickly to the floor and thus continue to be rebreathed unless the
air is well filtered.

The same situation exists for bacteria and bacterial diseases. Most
of these will be brought with the crew in the GI, GU and respiratory
tracts. Depending upon the body area and severity of pathological
changes, these bacteria may become important. As an example, poor
drainage of the renal pelvis, made worse by weightlessness, might allow
bacteria to produce a pyelonephritis. Similarly, trichomonas residing
asymptomatically in one female crew member might cause disease in a
second. For most bacterial diseases there are easily administered anti-
biotics provided that resistant strains are not developed by transfer of
plasmids.

Research must be done so that reappearance of infectious viruses
from an unsuspecting crew member will not cause illness among the other
crew members. Ways must be found to prevent adaptation of the immune
system to an isolated environment. By the time of the Mars trips,
immunization and/or effective antibiotics for virus infections should
have been developed. An active reimnmunization program might be useful.

THE CREW WILL NOT BE FREE OF INFECTIOUS DISEASES AND OPPORTUNISTIC
INFECTIONS BUT IMMUNE SYSTEM ATROPHY MAY OCCUR

Unshielded radiation exposure is of great importance to the crew
members: this topic is discussed elsewhere. Certain features of this
exposure are important. First we might send a crew who no longer wish to
produce children and in that way avoid concerns about genetic effects
from the radiation. Crew members relatively advanced in age might be
used and in that way these individuals would die of other natural causes
before radiation induced malignancies become significant clinically.

On the other hand, NASA data indicate there are significant
decreases in the response of the crew member's lymphocytes to stimula-

tion by foreign proteins after a space flight and there is some evidence
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from similar lymphocyte culture experiments on Spacelab #1 that gravity
may be necessary for proper functioning of lymphocytes. If this is true,
the combination of decreased lymphocyte function and increased radiation
exposure would be predicted to increase the rate of clinically signifi-
cant malignancies induced by the radiation exposure during the
trip (6,7).

RADIATION EXPOSURE COMBINED WITH DECREASE FUNCTION OF THE SPACEFLIGHT
ADAPTED IMMUNE SYSTEM MAY BE OF CRITICAL IMPORTANCE TO A MARS CREW SINCE
THERE COULD BE AN ACCELERATION IN THE RATE OF FORMATION AND GROWTH OF
MALIGNANCIES. NASA MUST VIGOROUSLY STUDY THIS FEATURE OF SPACE FLIGHT.

Some of the changes usually associated with aging may become more
symptomatic in the spacecraft environment and the long duration of a
Mars trip would allow these changes to become more symptomatic. A simple
example makes the point. A crew member over 45 years of age could
suddenly find that there is trouble with near vision due to symptomatic
presbyopia which some crew members report is made more symptomatic in
microgravity. Happily this is easily treated with glasses if these are
available on board. Other aging symptoms might appear. This is particu-
larly true of osteoarthritis of the spine which is made more symptomatic
because of the changes in the spinal dynamics resulting from
microgravity.

DISABILITIES OF AGING WILL HAVE TIME TO BECOME SYMPTOMATIC DURING THE
TRIP. SOME OF THESE ARE MADE MORE SYMPTOMATIC BY MICROGRAVITY.

Gravity is required for physiologic processes to work efficiently.
In microgravity, adaptations of physiology are required. Most of these
adaptations are perceived as minor by the individual except during a
short period following a sudden change from one gravitational state to
the other. At the present time there is no information available which
suggests that the adaptation process would be simplified or prevented by
a gravity level somewhere between one G and zero G. Until this is known
any attempt to design a spacecraft with partial gravity must rest on
other than medical reasons.

AT THIS TIME IT IS NOT DETERMINED WHETHER PARTIAL ARTIFICIAL GRAVITY
BUILT INTO THE MARS SPACECRAFT WOULD HAVE A POSITIVE EFFECT ON THE CREW'S
HEALTH

SUMMARY

This has been a short review of some of the microgravity adaptation
processes that Flight Medicine must take into account before NASA can
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certify man for a trip to Mars. Certainly none

and it is certainly possible to send a crew to

physiologic adaptations and pathologic changes were prevented or

Happily, healthy middle agéd humans tend to be relatively free of

processes

of these are show stoppers

Mars even if none of these

solved.

disease

for long periods of time and the problems they do develop are

usually not so severe that they can not continue to function for a period

of time long enough to complete an important task.

Additional medical research is necessary to help man's adaptation to

the flight environment and on return to the Earth environment
Mars mission.
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HUMAN ADAPTATION AND READAPTATION FOR MARS MISSION

Harrison H. Schmitt
Marshall Space Flight Center
Huntsville, Alabama

ABSTRACT

Human adaptation and readaptation in space appears to involve
complex physiological and psychological interactions and adjustments.
There has been no comprehensive clinical characterization of the symptoms
of these interactions, much less a comprehensive examination and testing
of appropriate measures to counteract their near and long term adverse
consequences. The varilety of credible potential countermeasures is
great; however, a systematic clinical research program for Shuttle and
Space Station must be implemented as an early part of a Mars Mission
strategy.
INTRODUCTION

The current situation we face relative to human adaptation and
readaptation to various environments is more one of ignorance than of
knowledge. On the one hand we know that physiological adaptive responses
take place when human beings are exposed to weightlessness. All current
evidence indicates these responses are reversible upon re-exposure to a
gravitational field. We know that the obvious neurololgical symptoms of
the first stage of that adaptation process varies in severity from indi-
vidual to individual; the process seems to be complete within three to
four days in all but very few cases.

We know that more subtle symptoms of full cardiovascular adaptation,
and probably of most biochemical adaptations, stabilize after several
weeks of exposure to weightlessness. The important known exceptions to
this are mineral balance and long term vestibular response, both of
which have shown continous adverse change during flights of durations
approaching those necessary for missions to Mars.

On the other hand, we do not know the basic causative mechanisms of
these adaptation symptoms except that vestibular agitation (head motion)
aggravates the severity of symptoms in the few days of the first stage,
but does not prevent initial neurological adaptation. We do not know
which, if any, of the many potential countermeasures against space adap-

tation symptoms will work. We do not know how, or if, the readaptation
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process can be accelerated so that crews exposed to very long periods of
weightlessness can rapidly regain function in a gravitational
environment.

The development of the capacity to conduct a mission to Mars must
include: first, the complete clinical characterization of the physiolo-
gical and psychological basis for space adaptation and readaptation;
second, the clinical or flight testing of countermeasures and readapta-
tion strategies.

Near-term Physiological Adaptation

The presently available anecdotal information on space adaptation
symptoms have been summarized by Schmitt {in press) and Oman, et. al.
(1984). The operational data in hand relative to these symptoms is
grossly incomplete; they do suggest however, that the basic cause of the
symptoms is probably a neurological conflict resulting from a wide
variety of incompatible signals being received by the balance, vision and
orientation processing centers of the brain and from superimposed phy-
siological adaptive responses.

Most of the overload appears to come from visual disorientation cues
combined with head motion; however, the full effects of multi-sensory
conflict, autonomic dysfunction, hemodynamic alterations, and the absence
of the Schumann electromagnetic resonance field have yet to be evaluated.
Prolonged exposure to this overload apparently results in a loss of
initiative and a general malaise (parasympathetic neural response) in
some individuals. In some cases, unexpected aggravation of the overload
causes the rapid onset of a single episode of unexpected vomiting which
temporarily provides relief from intense symptoms. In other cases,
vomiting can be prolonged and potentially detrimental to health and
performance.

The known symptoms of space adaptation syndrome (SAS) resemble those
of increased intracranial pressure, high altitude sickness and, possibly,
other clinical problems observed on Earth aggravated by sensory conflict
within the autonomic nervous system rather than symptoms associated with
terrestrial motion sickness.

SAS symptoms vary in nature and intensity from person to person and
from mission to mission; however, four general levels of severity can be
defined as follows: (1) Fullness of the head with other associated
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symptoms (all crewmen); (2) Slight stomach awareness and/or slight
frontal headache (about 75% of crewmen); (3) Strong stomach discomfort
and/or severe headache combined with a general loss of initiative or
malaise (about 40% of crewmen); (4) Intermittent, single episode vomi-
ting (combined with level 3 above) that, temporarily at least, reduces
the level of other symptoms (about 40% of crewmen); and (5) Frequent
vomiting with prolonged adaptive period (about 5% of crewmen).

The process of adaptation resulting in these symptoms is,
apparently, the brain learning to ignore the inputs from various sources
which conflict with visual inputs. This adaptation process generally
takes one to four days. The adaptation may be accelerated by pushing
oneself up to detectable symptoms and then backing off from them by
stopping head and body motion and strong visual orientation changes.

Significant SAS symptoms can be delayed, but probably only delayed,
by highly challenging first day activities in which the crew is
emotionally involved (sympathetic neural response). This does not in-
clude, however, just a full timeline that allows no time for adaptation
by those crewmen who need it.

The strong effects of spatial disorientation and of head motion in
inducing symptoms are clear. Methods should be explored to reduce crew
visual dependency on "learned" orientations acquired during training and
piloting experience in a one-gravity environment. Development of indivi-
dual "egocentric" orientation references may be helpful. Considerations
also should be given to using variable orientations with respect to
gravity for Shuttle and Spacelab simulators and to increased visual and
VFR instrument aerobatic maneuvers that give variable orientation of
Earth horizon references.

There are many human physiological changes induced by a weightless

environment any or all of which may play a role in inducing SAS symptoms.

Among these are the following: (1) Multi-sensory conflicts, including
head movements, propriocception and vision; (2) Autonomic dysfunction,
including desynchronosis; (3) Hemodynamic alterations including cere-

bral spinal fluid shift, autonomic baroreceptor change, and hydrodynamic

pressure; (4) Cardiovascular adaptation; (5) Head, neck, and spinal

column position and length changes; (6) Reduction in kinesthetic sensi-

tivity; (7) Increased cardiovascular efficiency in transport and meta-
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bolism; (8) General electrolyte, fluid, endocrine and other chemical
balances; (9) Hydrogen in the water supply {(intestinal gas buildup);
(10) Diet and olfactory sensitivity; (11) Shift of internal organs;
(12) Sleep deprivation; and (13) Absence of Schumann electromagnetic
resonance field.

The bottom line is that we must understand the clinical characteris-
tics and baseline of this early phase of the adaptation process if we are
to successfully counter its long-term, more serious effects. The Space
Shuttle should be more aggressively utilized to this end.

‘TRANSITIONAL PHYSIOLOGICAL ADAPTATION

The Skylab missions enabled us to get a general feeling for the
transitional adaptation processes that take place in all individuals over
a few weeks to a few months. Although it is clear that given a proper
exercise regime the cardiovascular system stabilizes, it is not <clear
what happens to various biochemical and cellular balances. This transi-
tional adaptation process also must be far better understood before the
correct mix of countermeasures can be formulated. The early availablilty
of the Space Station is crucial to such understanding.

L.ONG-TERM PHYSJOLOGICAL ADAPTATION

There are two known physiological adaptive responses to prolonged
weightlessness that may be highly detrimental to the success of Mars
surface activities. These are (1) the apparent loss of mineral mass
from at least the more dense skeletal elements and from the otolith and
(2) the apparent gradual decline in sensory perception related to upright
activities in a subsequently imposed acceleration environment.

If not countered, either of these adaptive responses might seriously
impair the efficiency, if not the feasibility, of human activity on Mars,
at least for the first several weeks after arrival. On the other hand,
the range of potential countermeasures is large and most can be verified
during the early years of Space Station operations.

The most obvious countermeasure is to provide some form of artifi-
cial "gravitational" acceleration. However, the most commonly proposed
means of doing so, namely spacecraft rotation, not only makes for very
complex and costly design trade-offs, but it might create as many adapta-
tion problems as it would solve. A more prudent approach would be to
provide a means for regular exposure to appropriate 1levels of linear
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acceleration. The duration and magnitude of such acceleration could be
determined by experiments at the Space Station, probably with no more
than one to three months of experimentation. The resulting protocols
also probably could be tajilored to individual crew members after each had
completed a three month tour at the Station, )

The specific anti-mineral loss protocol also may be enhanced and/or
simplified by diet and exercise adjustments or by use of mineral fixing
drugs and electromagnetic stimulation, varieties of which are currently
in clinical use here on Earth. Early tests of these approaches, looking
at electrolyte and biochemical balances, could be performed during Space
Shuttle flights, while testing the complete protocols would require use
of the Space Station.

LONG-TERM PSYCHOLOGICAL ADAPATION

The toughest area to research and to do something about relative to
long-term spaceflight is that of psychological adapation and compati-
bility. It is probably safe to say that history tells us that most human
beings can get along in close quarters for long periods of time if they
are motivated and productively active. History also tells us that there
are exceptions.

The incorporation of major science, training and recreational acti-
vities into each mission to Mars should solve most potential psychologi-
cal problems. Individual hide-aways, hobbies and counseling should help
as well. However, a precursor visit to the Space Station by each flight
crew as a unit may well be a desirable means of sorting out any indivi-
dual or group problems.

CONCLUSION

Many physiological and psychological unknowns remain relative to
long duration missions to Mars and to subsequent activities on the Mar-
tian surface. However, the potential of the Shuttle and Space Station
for systematic clinical studies and clinical tests of countermeasures and
the range of potential options are adequate to prepare for such missions.
Unfortunately, NASA has not yet begun the process of developing a full
clinical understanding of human adaptation to space and readaptation for
Mars missions, nor has NASA begun the organized clinical testing of

potential engineering and biomedical countermeasures.
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MANNED MARS MISSION CREW FACTORS

Patricia A. Santy
Johnson Space Center
Houston, Texas

ABSTRACT

Crew factors include a wide range of concerns relating to the human
system and its role in a Mars mission. There are two important areas
which will play a large part in determining the crew for a Mars mission.
The first relates to the goals and priorities determined for such a vast
endeavor. The second is the design of the vehicle for the journey. The
human system cannot be separated from the other systems in that vehicle.
In fact it will be the human system which drives the development of many
of the technical breakthroughs necessary to make a Mars mission
successful. As much as possible, the engineering systems must adapt to
the needs of the human system and its individual components.

INTRODUCTION

By far the most complicated and perhaps the most unpredictable
system involved in a manned Mars mission will be the HUMAN system. This
paper will discuss some considerations relating to that system: that is,
crew selection, size, and composition and other relevant crew factors for
a mission to Mars.

The human system cannot function without considering other systems
that would be involved in such a complicated mission. For that reason,
the makeup of the crew for the Mars journey will largely depend on a
number of important factors. Perhaps the most important consideration
will be: what will be the overall goals of a Mars Mission? Are we going
just "to get there and back again safely”? This is obviously not a
trivial goal, but it is a different matter if the goal were to be "to get
there and accumulate as much data, do as many experiments, and explore as
much of the Martian surface as possible or lay ground work for a future
outpost, then return safely to Earth. In the former case, a smaller and
less scientifically trained crew might suffice, while in the latter
situation a larger more diverse crew with different scientific special-
ties would proﬁably be required.

Prior to landing on the Moon, NASA was able to "practice" sending

crews nearly to the Lunar surface without landing them just to test all
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the necessary maneuvers that were required for a Lunar landing. It was
also known in advance that there would be other Apollo missions (after
Apollo 11) landing on the Moon and therefore, the scientific objectives
could be split up among all the missions. But what if we had only one
chance--one mission to land on the Moon? While the Moon is hundreds of
thousands of miles away from our Earth, compared to millions for a mis-
sion to the Martian surface, it is literally, "next door."

HABITABILITY

The importance of designing efficient man-machine systems has long
been accepted since it was recognized that optimal integration increased
the efficiency of the human's interaction with the machine and therefore
decreased error (1-4). These issues of habitability become extremely
important on longer duration space endeavors. Attention to environmental
detail and real productivity may be an important factor in helping a
Mars crew deal with the stress inherent in a Mars mission.

Jones (5] and Johnson [6] have discussed the major aspects of habi-
tability which will be relevant to the design of any vehicle intended to
take humans to Mars. These include: (1) environment--including atmos-
phere, temperature, lighting, and radiation levels; (2) architecture--
how the living space is arranged; (3) mobility, restraints, and equipment
handling; (4) food--i.e., preparation and storage; (5) clothing; (6)
personal hygiene--body waste collection and grooming; (7) house-
keeping--refuse, cleaning, and laundering; (8) communication--intravehi-
cular only; and (9) off-duty activity provisions--exercise, Earth
contact, and entertainment. Santy [7] has suggested that continued
communication between crew members and their families, allocation of
space for individual mementos (e.g. pictures and items with sentimental
attachment), time for off-duty creative activities (such as painting,
writing or gardening), and the option of being alone, (i.e. having space
designed to allow individuals to be by themselves) will be extremely
important for crewmembers on a long-duration space voyage.

MEDICAL FACTORS IN CREW SELECTION

Certainly all individuals selected to be crewmembers on a Mars

voyage would have to be in excellent health. However, the unique aspects

of a mission of such long duration have certain other implications

relating to health. Since the mission will most likely be two years or
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longer, careful consideration will have to be given to those disease
processes which a specific individual might have a higher than usual
chance of developing, particularly those which might incapacitate the
individual or possibly prove fatal in the space environment. On the long
journey to Mars, even simple medical problems which are easily treated
here on Earth, might become potentially life-threatening. An example of
this would be appendicitis, in which simple surgical removal of the
inflamed appendix is usually curative. But in space, when the individual
is hundreds of thousands of miles away from an operating room, there is
no agreed upon way at the present time that such surgery can be done in
space; nor could the ill crewmember be treated palliatively and brought
home. Our screening process then for the Mars trip might well include a
requirement that the individual have already had his appendix removed.
Other medical considerations for exclusion might include positive family
histories of certain diseases (which at the moment are not disqualifying)
such as myocardial infarction, alzheimers, diabetes, and certain types of
cancer. At the very least, individuals with these family histories
should be more carefully looked at and their own risk factors determined.
It might be important also that women who are being considered should be
sufficiently well-protected against the possibility of becoming pregnant,
or be beyond her childbearing years.

Of course we cannot anticipate all potential problems, but there are
some which we might avoid altogether if we have the proper screening.

Another area of medical considerations for a manned Mars mission are
the specific psychological factors which might help an individual endure
the long journey. A high degree of maturity and experience would defini-
tely be desirable. In this context, the psychological profiles of the
early space pioneers may not be the best of psychological guidelines for
determining crew selection on an extended-stay mission. Those persons
who need constant stimulation might not necessarily perform well when
confined to a small, isolated environment for long periods of time [8-9].
On the other hand, it has been suggested that chosen individuals should
have to deal with a minimum of separation stresses; i.e., that they not
have minor dependent children (10). Again all of these points argue for
individuals over the age of 45 as being ideal candidates for an early
Mars crew.
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COMPOSITION OF CREW

A lunar landing was planned around a crew of three---all of thenm
pilots. Certainly several pilots and engineers will need to be on the
Mars crew. In addition, probably a physician/life §cientists will be
required. Then several physical scientists--possibly a geologist, geo-
physicist or planetologist. Possibly a physicist, astronomer, or astro-
physicist would also be good choices.

Individuals will have to have some overlap in knowledge. This will
be particularly important in trans-Mars science activities and in the
operational area--such as the piloting/navigation duties, since if one
person became incapacitated there would be someone else to perform those
assignments crucial to bringing the crew back to Earth.

Should there be "mixed" crew--that is both men and women? Having
crewmembers of both sexes could potentially raise some problems on a
long-duration mission, specifically regarding issues of sexuality. of
course this is a very individual and personal area, but there are no
research data to guide us in decisionmaking. The experience at the U. S.
Antarctic camp is also very limited since only a few women have stayed
over during the long winter when the camp is completely isolated from the
outside world [11]. It would be worthwhile to contact these women and
their male associates and obtain their perspective on the specific
stresses or problems that arose for them in that isolated environment,
since they may well be relevant to mixed crews on a Mars mission.

There 1is no reason why a Mars mission should not have women crew-
members working side by side with their male colleagues. Although this

is a sensitive area, there is time to look into it and develop some

recommendations. One possible idea is that the Mars crew be made up of
married ccuples. However, this only looks at one part of the sexuality
issue [12]. McGuire [13] has suggested that on any crew for a long-

duration mission there should be at least two women (or two men), and not
just one since the stresses imposed (including further psychological
isolation) might be very difficult to deal with. This might be a useful
principle to apply in other areas rather than just for the gender issue.
For example, it is possible that a Mars mission might be an international
venture and a multinational crew might be considered. Psychologically
speaking, it might be wise to always have at least two individuals from
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any country so as to decrease the problem of severe psychological isola-
tion. On the other hand, it would not be useful or efficient to have a
crew which is broken up into small cliques. Both of these factors would
have to be weighed carefully.

Other considerations for crew composition will have to depend on
the specific mission goals.

LEADERSHIP ISSUES

Some decision will have to be made regarding how leadership is to be
structured on a Mars mission. First, who will have ultimate authority--
the ground control or the individuals in space? As far as the crew
structure, is democracy the best policy? Or is some kind of authori-
tarian/military system more efficient? There will probably be a mixture
of political, military, and scientific goals for a Mars mission. Should
there be separation of "military" and "scientific" personnel [8]7?

If a small crew (i.e. less than five) were chosen to go to Mars, it
is possible that a more "military" style of leadership might work best.
On the other hand, a larger crew might require a more democratic style.
Obviously, arguments can be made for exactly the reverse of the above.
The Soviet experience in this regard is interesting. Several cosmonauts
have commented that they got along much better interpersonally if lea-
dership was shared [14]. This was in situations where there were only
two or three cosmonauts together on the Russian Space Station. Clearly,
this is an area which requires further study. It would be important to
look at groups with different leadership styles to see which ones are
able to perform group goals in the most efficient and harmonious manner
in other isolated environments. While efficiency is very important, the
ability of the crew to get along with each other will be crucial for a
long journey. In the space environment, there will be no place to go to
"get away from it all," and interpersonal conflict may result in beha-
vior that threatens the entire crew. This must be prevented if at all
possible.

The type of leadership style which might be best for a Mars mission
will also depend on the specific mission goals for such a mission.
SIZE OF CREW

Again, the number of individuals on a Mars crew will in large part
depend on the specific mission goals and on the size of the vehicle(s)
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that will be used. However, there are a number of points to consider in
this area. Bluth [15] for example, has suggested that there should be an
odd number of crewmembers for such a voyage. "Experience has shown that
even numbers of people under stress tend more often to split into two
equal and opposing camps, unable to reach a democratic solution to urgent
mission decisions."”

Too many individuals may not be efficient or economically feasible.
However, too few might lead to overwork and a lack of necessary overlap
in crew duties which would increase the hazards of the mission quite
extensively. However many individuals are on the mission, it is essen-
tial to keep 1in mind the habitability factors mentioned previously.
Individuals can deal with severe discomfort, crowding and lack of pri-
vacy for reasonable periods of time if their motivation remains high, but
even short intervals of time in those conditions will take a great phy-
sical and psychological toll. The Mars crewmembers must be able to
expect a reasonable degree of comfort and privacy during their two year
voyage to Mars.

SUMMARY

Specific crew considerations for a mission to Mars will depend on
the goals that are set for the mission and on the limitations of the
vehicle designed for the journey. The human system and its unique pro-
blems and potentials must be integrated into the vehicle engineering
systems in order to maximize the ability of the crew to carry out mission
goals.
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MANNED MARS MISSION
HEALTH MAINTENANCE FACILITY

Joseph C. Degioanni
Johnson Space Center
Houston, Texas

ABSTRACT

This paper addresses the Health Maintenance Facility (HMF) require-
ments which enable/enhance manned Mars missions (MMMs). It does not
attempt to resolve any issues that may affect the feasibility of any
given element in the HMF. The paper makes reference to the current work
being conducted in the design of the Space Station HMF. HMF requirements
are discussed within the context of two distinctly different scenarios:
(1) HMF as part of the Mars surface infrastructure, and (2) HMF as
part of the nine months translation from low Earth orbit to Mars orbit.
Requirements for an HMF are provided, and a concept of én HMF is shown.
PART 1: HMR AS PART OF THE MARS SURFACE INFRASTRUCTURE

Objective

To define the requirements for a module dedicated to crew medical

support and medical research on the surface of Mars. The assumption is
that four (4) individuals will remain on the surface for 60 - 90 days.

Background

The establishment of a permanently manned Mars Station creates an
unprecedented state of crew isolation with neither immediate nor- near-
term return capability to Earth. The situation created is, in some ways,
similar to Antartica expeditions in which the people live in a state of
near isolation for a period of nine months at the South Pole. The Mars
crew, however, will be substantially more dependent upon life support
systems since atmospheric oxygen and probably water are not available on
Mars. The crew will also be months or years from reaching Earth; this
represents a significant extension of Antartica isolation.

Thus, it is clear that a crew of four people detailed to Mars will
not have access to the full spectrum of health care support and the same
standards of health care available on Earth. In other words, certain
risks will have to be accepted by the program and the crew. The medical
screening of the crew participating in such a mission will need to be far
more extensive than any such screening previously conducted, possibly to
include prophylactic appendectomies and cholecystectomies.
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At least one of the four crewmembers will need to be a surgically
trained medical generalist. Fortunately, the Antartica experience (as
well as NASA'S own experience) has demonstrated that medical problems are
relatively infrequent among properly screened individuals. There seems
to occur two situations, the first being one in which the medical contin-
gency is of such benign nature (e.g. colds in a crewmember who is rela-
tively immunosuppressed) as to present no significant health hazard, and
the second being of such catastrophic dimensions (usually secondary to
accidental trauma) as to result in death even if it did have Earth-bound
medical support.

Since actual medical events are so infrequent, a substantial portion
of the resources in the HMF and of the time spent by the physician
crewmember will be directed to the long term medical monitoring of the
crew and the practice of preventive medicine in the form of exercise,
education and entertainment.

The presence of one-third (1/3) gravity on the surface of Mars will
facilitate the use of off-the-shelf medical hardware in the HMF. It will
also simplify medical procedures such as surgery which would otherwise be
very difficult to perform in microgravity. The crew will also have the
possibility, with the adjunct of exercise, to remain in a much more well
conditioned state than if exposed to microgravity for a similar length of
time. In brief, the gravity of Mars is definitely a positive feature for
both design of the infrastructure HMF and for the overall health of the

crew.
Requirements and Design of the HMF

The therapeutic/diagnostic modalities of the HMF must be such that
the following general requirements may be satisfied: (1) The Mission
Surgeon and HMF can reasonably handle most minor common non-surgical
medical problems, and (2) The Mission Surgeon and HMF can reasonably
handle minor surgical problems and possess limited capability to deal
with major surgical events.

The preventive modalities of the HMF should satisfy the following
requirements: (1) The Mission Surgeon and the HMF can obtain a
predefined (as well as unscheduled) array of medical data on the
crewmembers in order to follow the effects of long term exposure on the

surface of Mars, and (2) The Mission Surgeon and the HMF can provide a
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scheduled conditioning program in order to maintain cardiovascular and
musculoskeletal function at optimum levels while on the surface.

The JSC Task Force in charge of designing the Space Station HMF has
subdivided its various components under prevention, diagnostic, and
therapeutic classifications. The group has proceeded fo identify state-
of-the-art hardware which would make up the various components of the
Space Station HMF. The dimensions of the Space Station (SS) HMF are
estimated at 320 cubic feet in equipment and workspace (6' x 6' x 9') and
1500 pounds in weight or the approximate equivalent of four (4) single
racks, Spacelab style. Figure 1 shows a schematic picture of the SS HMF
valid as of May 1, 1985.

The manned Mars mission (MMM) HMF is envisioned as a larger facility
in order to provide more supplies which will be needed for a much longer
mission as well as increased capabilities to satisfy more extensively the
requirements listed under preventive/diagnostic/therapeutic categories.
The dimensions of the MMM HMF are estimated at least at 480 cubic feet in
equipment and workspace (9' x 9' x 6') and 2000 pounds in weight. There
are no schematics of the MMM HMF at this time.

A preliminary analysis of the various functional requirements for
. the HMF is shown and is identical to the currently planned Space Station
HMF. It is felt that increased quantity of supplies and capabilities for
more extensive procedures such as surgery will be definitely required for
the MMM HMF.

PART 2: HMF AS PART OF THE TRANSLATION FROM LOW EARTH ORBIT TO MARS
ORBIT
Objective

To define the requirements for a module dedicated to crew medical

support and medical research during the transit from low Earth orbit to
Mars orbit.

Background

The facts pertaining to a manned outpost on Mars apply equally to
the crew during transit from Earth to Mars. A major environmental
difference lies in the existence of a one-third gravitational field on
the surface of Mars whereas none is present during translation.

Since many months exposure to microgravity is likely to result in
severe deconditioning and, further, would require a prolonged adaptation
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of the crew landing on Mars, the case is made here for an artificial
gravitational field of at least one-third (1/3) G during translation.
Requirements and Design of the HMF
Assuming that an artificial field of one-third (1/3) G is available

during transit, all requirements and design elements proposed here remain
identical to those previously described for the manned outpost on Mars.

If artificial gravity is not available, then the design elements for
the HMF during transit should incorporate hardware and techniques which
will function in microgravity. Such considerations are being taken for
the design of the Space Station HMF.
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TABLE I
FIRST LEVEL FUNCTION -
Establish Life Critical Systems

SECOND LEVEL FUNCTION -
Health Maintenance (MMM)

THIRD AND LOWER LEVEL FUNCTIONS -
COUNTERMEASURES :

1. Functional Requirements: To include aerobic/anerobic equipment,

upper and lower body capability interactive with computer exercise
protocols.

2. Hardware Recommendations: Treadmill, bicycle ergometer, nordic

track, rowing device, hill climber.

TOXICOLOGY:

1. PFunctional Requirements: Capability to measure 02, NZ’ co, co2 and
TBD compounds.

2. Hardware Recommendations: Mass Spectrometer, gas chromatograph,
laser fingerprint 1.D.

HYPERBARIC:

1. Functional Requirements: Two person hyperbaric treatment facility
{(HTF) capable of generating 6 atmosphere.

2. Hardware Recommendations: Modify airlock.

HEMATOLOGY/ IMMUNOLOGY :

1. Functional Requirements: Complete blood count with differential,

hematocrit, hemoglobin, platelet count, prothrombin time, partial
thromboplastin time, fibrinogen, and C reactive protein.

2. Hardware Recommendations: QBC system, Flow cytometry, Digital

microscopy.

CLINICAL CHEMISTRY:

1. Functional Requirements: Sodium, potassium, chloride, bicarbonate,

002, urea, calcium, phosphate creatinine, Glucose, triglycerides,
cholesterol, ammonia, amylase, lipase, total and direct bilirubin,
alkaline ﬁhosphatatase, SGPT, SGDT, GGPT, creatine phosphokinase and
isoenzymes, albumin, total protein, alanine, wvaline, isolevcine,

phenylalanine, tyrosine, 3-methyl-histidine, and tryptophan.
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2. Hardware Recommendation: Dry chemistry, ectachem, reflotron, ion

sensitive electrodes, ion sensitive field effect transducer.

MICROBIOLOGY:
1. Functional Reguirements: Rapid identification and AB sensitivity of

Medical/environmental pathogens.
2. Hardware Recommendations: Automated microbial system.
URINALYSIS:

1. Functional Requirements: Specific gravity, Ph, quantitative protein,

glucose, ketones, cell count, sodium, potassium, chloride, bicarbo-

nate, urea, 3-methylhistidine, calcium, phosphate, myglobin, creati-

nine.

2. Hardware Recommendations: Stand-alone vs piggy back with other
systems.

IMAGING:

1. Functional Requirements: A low radiation digital diagnostic imaging

system with Earth transmission capability.
2. Hardware Recommendations: Digital radiography, miniaturized CAT,

computerized ultrasound.
PHYSICIAN'S EQUIPMENT:

1. Functional Requirements: Standard physical exam equipment including

stethoscope, otoscope, ophthalmoscope, visual acuity apparatus, and

measurement equipment for height, weight, and blood pressure.

2. Hardware Recommendations: Physician's "Black bag".
IV-HYPERAL:
1. Functional Requirements: A rehydratable intravenous administration

system utilizing stanard physiologic intravenous solutions and peri-
pheral hyperalimentation.

2. Hardware Recommendations: Purification system administration system

(portable).
CARDIOVASCULAR/LIFE SUPPORT:

1. Functional Requirements: Capability to monitor systolic and diasto-

lic blood pressure, heart rate, electrocardiogram with digital out-
put for arrmythmia detection, cardiac output, ejection fraction,

peripheral vascular integrity, peripheral PO PCO PH. A cardiac

2’ 2’
defibrillator is required. Capability to measure body surface tem-

perature, core temperature, ambient temperature, and metabolic rate.
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Hardware Recommendations: Modular unit for ADV. cardiac life sup-

port and critical care capability. Modular unit incorporating cap-

nograph, breathing gas mixture with different 002 concentration for

obtaining mixed venous PCO2 to determine cardiac output non-

invasively.

RESPIRATORY/VENTILATOR:

1.

Functional Requirements: Capability for measuring respiratory pres-

sures, flows, minute and alveolar ventilations, deadspace and tidal-
ventilation, respiratory quotient, O2 consumption, CO2 produced,
pulmonary capillary blood flow, and pulmonary function tests, capa-
bility to measure respiratory volume/flow relationship. A program-
mable positive pressure ventilation with positive and expiratory

capability, blood gas analysis including Ph, PAO Pacoz, A-VO

2, 2

difference, right atrial pressure.

Hardware Recommendations: Small programmable positive pressure

entilation with peep capability. Small blood gas analyzer incor-

porating a minimum of blood handling procedures.

PHARMACY/SUPPLIES:

1.

Functional Requirements: A supply of necessary pharmaceuticals,
bandages, and splints to support the designated crew size and dura-
tion. Emergency medical supplies will be stored in the safe haven to
allow for a 28 day self-contained survival period.

Hardware Recommendations: Pharmaceutical and supply modules in

which constituent items are organized by function. Small contingency

pharmacy and supply kit for safe haven.

SURGERY/ANESTHESIA:

1.

Functional Requirements: Capabilities for surgery, local and
regional anesthesia, and dental intervention.

Hardware Recommendations: Portable surgical module incorporating

surgical supplies, restraint systems, lighting, electrocautery,

medical surgical suction device, and dental kit.
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MANNED MARS MISSION PSYCHOLOGICAL ISSUES
Patricia A. Santy N 8 7 - 1 7 77 4
Johnson Space Center
Houston, Texas

ABSTRACT

A manned Mars mission would undoubtedly be the most ambitious under-
taking mankind has ever attempted, but it is a logical extension of
NASA'S Space Shuttle and Space Station programs. Many of the technical
and engineering problems inherent in such a long journey have already
been, or are being solved at this time. What may be some of the more
important limiting factors of such an historic mission, however, are the
potential psychological and social problems which might develop on such a
long-duration space journey.

Many studies done over the last twenty years in environments that
have similarities to the space environment have demonstrated clearly that
it is not a question of "if such problems develop” but "when". All types
of groups studied (and they include submariners, Antarctic expeditioners
and others) had significant decrements in performance over time as well
as increased social conflict and incidence of somatic complaints, all of
which indicates that such environments take their psychological toll on
both individual and group functioning. What unique factors the space
environment may introduce into this picture is not yet well-defined, but
a manned Mars mission will certainly be an unprecedented stressful
psychological milieu for the human organism.

It is reasonable to assume that those Issues which have been found
to adversely effect isolated groups in other extreme environments will
likely be present on the voyage to Mars. With careful planning, these
problems can be minimized for the Mars voyager.

INTRODUCTION

A manned mission to Mars poses some very real psychological chal-
lenges to the individuals selected to carry out the plan, as well as to
their families. Those issues which have been found to adversely affect
isolated groups in other extreme environments will likely be present on
any manned voyage to Mars.

Oberg (1) has pointed out that "if most of the great exploratory

expeditions of the past. . .had been required to meet the safety and

621



comfort standards expected today from space expeditions, they never could
have been made. Their ship losses and personnel losses were substantial,
even--on tragic occasions--total.

"That could not be allowed to happen on the first expeditions to
Mars, whatever the cost. . .the man-to-Mars effort must guarantee that
the crew will stay alive the whole trip, without untoward medical or
psychological complications, and perform their duties as well as the
hardware allows them to". The purpose of this paper is to suggest that
with careful planning, many of the potential psychological complications
can be minimized or at least more effectively dealt with by the Mars
mission crew members.

ISOLATION/CONF INEMENT

The problem of isolation and sensory deprivation was felt to be one
of the more serious psychological issues early in the history of the
Space Program. This problem has been shown to have serious effects on
isolated individuals and groups in Earth-bound environments. Numerous
studies done on groups such as submariners (2-8), Antarctic journeyers
(3,4,8) and volunteers in simulated environments (9-16) reported remark-
ably consistent findings regarding man's response to isolation. Reported
symptoms varied only slightly from study to study, and all studies re-
corded the following symptoms: boredom, restlessness, anxiety, sleep
disturbances, somatic complaints, temporal and spatial disorientation,
anger and (most important), deficits in task performance over time.
Furthermore, in studies of isolated groups of men (4,5,7), researchers
had to take into account such factors as group and social influences,
individual and leader roles, and individuals' ©personality coping
mechanisms. For example, Gunderson (4) and Gunderson and Nelson (5)
studied groups in isclated and remote Antarctic stations over several
months and followed subjective evaluation by the men of their symptoms.
By far the most common complaint was sleep disturbance (reported by 72%
of individuals), followed by depression, headache, irritability, and
other somatic complaints. It was noted that all the symptoms increased
over time. Even when such symptoms (especially depression and irrita-
bility) occur among only a few members of a small isolated group, they
could pose serious survival problems for the rest of the group under
certain circumstances. Consistant in all these group studies was evi-
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dence that group compatibility and performance typically declined over
prolonged isolation. On the other hand, Earls (6), who studies sub-
mariner groups, was struck by "the relative absence of overtly expressed
hostility" on the part of the submariners. This conflict--between the
individual's unwillingness to alienate the group (upon which one's in-
dividual survival depends) and the increasing and inevitable normal kinds
of tension that must remain undischarged (no overt agression)--can arise
in any group situation. Often the unresolved conflict can lead to de-
pression and somatic complaints.

Berry (17) pointed out that sensory deprivation/isolation issues
have (at least for the American Space Program) not been a significant
issue. However, for a Mars mission, manned by individuals with hetero-
geneous background, personality styles, and scientific objectives etc.,

isolation issues will be extremely relevant and will require further

study(18).
GROUP/SOCIAL INTERACTION

Since the beginnings of manned flight, the trend has been to in-
crease the number of persons on each mission. The Space Station is

expected to have up to 10-12 or more persons living and working together.
A mission to Mars will of necessity have a diverse selection of indivi-
duals with different scientific and or mission objectives. It will
require pilot astronauts who will need to fly the vehicle to and from the
Red Planet; it will require scientists with different specialties (such
as geology, physics, medicine). It is not known at this time the number
of individuals which would make up the crew of the Mars mission, but any
interplanetary mission will require numerous individuals working in a
close knit, efficient team manner for a long period of time (possibly up
to two years, or more). Obviously, psychological compatibility and the
methods used to determine the selection of crew members will play a role
in the ability of such crews to perform efficiently in the isolated
environment of space. The Soviet space program has long recognized this
as a potential problem--especially since they have kept several indivi-
duals in space for up to 240 days. But even the Soviets have little
experience with crews of more than two or three individuals. However,

from the beginning of their training, Soviet cosmonaut candidates are
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subjected to the most grueling psychological tests and the candidates are
grouped according to compatibility (19).

Almost all of the group studies done to date have been done on all-
male crews, and thus far, the potential consequences of adding women to
long-duration missions have not been dealt with. The issue of
sexuality--especially on long-duration missions such as that to Mars--is
not a trivial one. No matter how well trained the crew is, there is
reason to expect that such issues as sexual arousal, tension, and
competition are just as likely to occur in space as they are in any
Earth-bound endeavor, and possible solutions may be to balance the crew
with individuals of both sexes; or perhaps to have married couples. This
is another area which may require careful thinking in advance.

One method of approaching the complexity of handling group problems
on the way to Mars would be to train the crewmembers in simple group
dynamics. In this way, an ongoing group process would help identify and
resolve potential trouble areas and help crews develop problem-solving
techniques before they arise in the more dangerous space environment. As
a practical method, this would also give the crew a model for resolving
in-flight hostilities and tensions that can lead to group-threatening
behaviors and decrease crew performance (21,22}). After all, on the
journey to Mars, there will be nowhere to go to get away from it all.
Such a method would offer useful ways of discharging tension and anger,
and possibly help alleviate the symptoms of depression and somatic com-
plaints reported in other isolated groups.

One final issue should be mentioned in this section and that is the
question of how leadership should be structured on a Mars mission.
Leadership style can have a significant impact on group morale and per-
formance. There has been considerable research on different kinds of
leadership on group function--obviously, some types work better than
others. What will be the best type (or types?) of leadership for a Mars
mission? (23)

HUMAN PERFORMANCE IN STRESSFUL ENVIRONMENTS

Research in human performance and productivity has grown to very
large proportions in industry and the military. Primarily this has come
about because of the desire to increase human productivity in these
areas, each of which has its own peculiar environment which often
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impedes attainment of maximum efficiency by its workers. The relevance
of this type of research for an extended mission to Mars cannot be over
emphasized. Such factors as the habitability of the space ship and other
man/machine interfaces must be carefully planned in advance taking into
account the specific complexities of a mission to Mars:

For example, what will the scientists on the mission do during the
time it takes to get to the planet? How will we prevent boredom and
restlessness from occurring--or at least minimize them? A mission to
Mars will provide many environmental challenges to crew performance,
efficiency, and productivity. Such factors as temperature, isolation,
work/rest cycles, exposure to unfamiliar and possibly dangerous contin-
gencies (which no amount of training beforehand can possibly cover com-
pletely), exposure to various physical/physiological alterations which
may alter the body's ability to cope with other types of stress--all of
these factors will have their effect on individual and crew performance
capabilities. Can we devise a simple way for individuals to keep track
of their own performance status, and thus give them some kind of feedback
which they can use to enhance their efficiency? This is done in other
environments where it is much less dangerous to fall below a certain
level of functioning. Why not on a trip to Mars? This would enable an
individual (or the entire crew) to put into effect pre-planned strategies
to increase their own effectiveness. (24)

In paying attention to these factors, we can maximize crew per-
formance for the entire mission and decrease the incidence of any psycho-
logical sequelae.

PSYCHOPHYSIOLOGIC RESPONSE TO STRESS

Coping responses, or how individuals avoid being stressed when
exposed to threatening environmental situations, will be of particular
interest on a long-term mission to Mars or other planets. Researchers
have found that individual psychological defenses, such as isolation and
denial, resulted in subjects' low cortisol secretion before a stressful
event, compared with subjects who were overtly distressed before the
event (25). Thus, a defense may be effective physiologically, but
maladaptive psychologically, and it becomes an even greater threat to the
organism. For example, women who had breast tumor biopsies and who
denied the situation had low cortisol levels; however, because these
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women had waited much longer before coming to medical attention than
women who feared the situation and immediately sought help, they put
their lives at greater risk (26). In the same way, defensive struc-
tures in Mars voyagers may be vitally important; they may be even more
important than the voyagers' actual physiologic responses to stress.

PSYCHOSOCIAL SUPPORT FOR INDIVIDUALS ON A MARS MISSION

NASA has long recognized the importance of habitability in deter-
mining astronaut morale. Food items, for example, are selected to meet
the tastes of individual astronauts, and favorite music has been
permitted on longer missions such as Skylab. The Soviets make use of
their Group for Psychological Support to help their cosmonauts get
through record-breaking stays on the Salyut Space Station.

The literature in this area has many suggestions as to what factors
might be particularly useful to focus on for the purpose of maintaining
mental health or improving the quality of life on long-term space mis-
sions. The suggestions come from studies of other isolated groups such
as those on submarines or in the Antarctic, and have been extrapolated to
the space environment. It remains to be seen, however, if these "psycho-
logical support"” measures are really going to be supportive or not in the
rather extreme isolation of the voyagers to Mars. For example, how does
one deal with the death of a loved one on Earth when you are millions of
miles away--or handle a family crisis? Should Mars astronauts be told
about such things when they may not be able to return to Earth for months
or years? If they are told, then what can be done to help them deal with
their feelings (especially the feeling of helplessness)? Will constant
communication with families be supportive psychologically--or might it
also be disruptive for the individual physically and mentally coping with
the stresses of space? It seems likely that some important family
problems or situations will develop over the two years of a Mars mission.
How will we help astronauts and their families cope with this prolonged
separation? Perhaps part of the solution would be to select individuals
who are not married, or have no children, or have children who are grown.
However, no astronaut that might be selected could possibly come from a
complete social vacuum, and the problem of psychosocial support still

remains.
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There is probably no one simple answer for all individuals, but this
area needs to be carefully thought about prior to a mission to Mars.
SUMMARY

The research on isolated environments over the last thirty years
suggests that psychological factors associated with such environments
will lead to negative changes in individual and group performance. A
mission to Mars will be the greatest undertaking ever devised by the
human species. The members of such a mission will be in an environment
whose potential dangers are not even completely known at this time. The
psychological factors generated by such an environment, and which might
adversely affect accomplishment of mission goals, can be minimized or
planned for in advance. This paper was written in the hope that these
issues will not be ignored in planning for this great adventure.
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NEED FOR ARTIFICIAL GRAVITY ON A MANNED MARS MISSION ?

Joseph C. Sharp
Ames Research Center
Moffett Field, California

ABSTRACT

Drawing upon the extensive Soviet and our own Skylab medical obser-
vations, the need for artificial gravity (g) on a manned Mars mission is
discussed. Little hard data derived from well done experiments exist,.
This dearth of information is primarily due to two factors. We cannot
collect tissues from astronauts for ethical or operational reasons.
Second, there has not been opportunities to fly animals in space to
systematically evaluate the extent of the problem, and to develop and
then to prove the effectiveness of countermeasures. The Skylab and Space
Station will provide the opportunity to study these questions and vali-
date suggested solutions.

The need for some form of "artificial gravity" aboard a spacecraft
may be necessary during Earth-Mars-Earth transit. The most conservative
approach would be to artificially provide one g during a round trip to
Mars. Economic and engineering prudence will demand a validation of the
assertion one g need be provided. Fortunately, the need can be
determined onboard the Space Station, given proper and early study of
people and mammals. If those studies should prove the need for one g and
the consequent extensive engineering measures, the determination of "how
much” or "what kind" of accelerations would provide the necessary minima
will also require rather extensive testing. By its very nature, this
testing will require years to conduct. One important question that would
then follow is if 0.17, 0.38, or near 1.0 g is sufficient? There are no
data to guide us (although it is presumed continuous 1.0 g would be
adequate) .

Observation of people who have spent extended periods of time in
free fall suggest at least two, and possibly three, reasons to suspect
that some form of artificial gravity might be needed on very long dura-
tion missions; gspeclally on missions requiring on-surface EVA. These
observations are: (1) Rather extensive orthostatic hypotension following
long exposure to free fall, 1in spite of considerable hours of exercise

designed to counter this cardiovascular sequella; (2) There is consis-
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tent, measureable, and progressive skeletal and muscle atrophy of the
anti-gravity bones and muscles of the body; and finally (3) there seems
to be a continuous loss of calcium from the skeleton, and possibility,
from other calcium deposits within the body.

On the Soviet four to seven month missions, Cosmonauts have needed
considerable assistance to egress from their spacecraft. Their ability
to do on-surface extensive EVA is not known, but is suspected to be
minimal. Furthermore, their return to full pre-flight cardiovascular
competence has reportedly taken weeks to months. This, even with special
on-orbit exercises and devices designed to tax their hearts and their
large muscle groups. In spite of various exercise regimes, there have
been measurable muscle mass losses in both cosmonauts and astronauts.
Skylab input/output studies actually measured a negative nitrogen balance
(indicative of muscle loss), in spite of exercises designed to prevent
such losses. It should be remembered that once muscle fibers are lost
they are never replaced. The residual fibers, can through exercise,
increase their bulk, and thereby their strength, but if too many fibers
are lost that muscle's function can never be recovered.

Soviet and U.S. studies of rat muscle tissue suggest a rapid and
massive change from "slow twitch" to "fast twitch" fibers in muscles that
normally have both types of fibers. In the predominantly "slow twitch”
or anti-gravity muscle groups, the changes are even more remarkable
following only seven days of weightlessness. These morphological changes
and other histochemical changes observed in the animal studies, and on
relatively short duration missions, give physiologists considerable cause

for concern for the integrity of muscles exposed to weightlessness for

years. The longest a rat has flown in space is 21 days, so long term
effects are not known in even this simple mammalian species. No direct
data exist on the extent of comparable changes in humans. To make

obtaining wvalid answers even more difficult, astronauts and cosmonauts
rightfully resist muscle (or any tissue) biopsies.

It is not known if some partial g loading, or if aperiodic g
loading, would prevent these "normal" adaptations to the microgravity
environment. There may be exercise devices that could attenuate or
prevent these changes. The Soviets have developed special flight gar-
ments designed to exercise the heart by putting the lower half of the
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cosmonaut's body at a negative pressure. This to expand the volume of
the legs and lower abdomen into which the body fluids shift, causing the
heart to work harder. They have required their cosmonauts to wear other
devices designed to exercise the large anti-gravity muscles. This suit
consisted of strong elastic bands attached in such a way as to force
these various muscles to work against the elastic bands during flight.

The Soviets have reported no systematic data on the effectiveness of

these devices. It is known that some of the cosmonauts do not like
wearing them. There may even be dietary means to help alleviate the
muscle wastage seen on long duration missions....but again, no data
exist.

It should be emphasized that the changes here described are
considered to be the normal adaptations of the body to a new environment,
weightlessness. These adaptations seem to be well suited to the micro-
gravity environment and present complications only when the body is then
placed into an environment requiring adaptation to increased g 1loadings,
or when asked to "work" in physically demanding situations. Since Mars'
gravity is approximately 0.40 that of Earth's, there would be signifi-
cantly less stress placed upon the body than when returning to Earth.
However, EVA and a desire to accomplish as much as possible while on the
surface of Mars, will be physically demanding. The procedures to best
assist astronauts to re-adapt to the rigors of 1.0 g here on Earth, after
2 or 3 years of weightlessness are but dimly understood.

From the physiological point of view there are, then, several neces-
sary sensitivity analyses that should be undertaken to determine the
relative importance of each element of a research program. For example,
it is not known if the loss of calcium in weightlessness will stabilize
at some acceptable high level...or, if some partial level of g is neces-
sary to prevent excessive losses of this important mineral from the body.
If any form of acceleration is found to be necessary, then a similar
analysis must be done to determine the "best" means of providing it,
e.g., if the habitat modules must be designed to rotate, the maximal
acceptable angular velocity will need to be determined (relative to the
radius of the habitat and the position of the body within it).

Similar analysis must be done to determine the priority of research
programs in preventing skeletal muscle atrophy or cardiovascular decondi-
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tioning, and developing proper exercise physiology methods (germane to
EVA on the surface, if such be the case), etc.

Clearly the Spacelab, followed by the Space Station, will provide
the United States for the first time the means to objectively assess
these problems (rather than via experts' opinions and’ pronouncements) .
Most importantly, these machines will provide the laboratories where the
best answers to these vexing questions can be obtained. It must be kept
in mind that these problems are complex in-and-of themselves. They are
even more complex when the physiological requirements interact
importantly with engineering design considerations. The opportunity to
start the processes of identifying the solutions must be seized now, and
the search for answers begun. Since the fundamental issues deal with
long duration exposures to zero gravity and with biology, there is no way

to “"speed up some of the experiments! For example, if there is a
question of how long it takes the loss of calcium to reach some
asymptotic level during weightlessness, (and we strongly suspect it's
longer than 238 days based on Soviet experience) then it behooves us to
start the experiments early. This is especially true if we then must
devise and test inexpensive countermeasures rather than artificially
providing one g. The time it will take to do these experiments is
further compounded if one is either curious about or cthically compelled
to understand how (or if} the bones re-adapt once the crew returns to a
one g environment.

It is reasonably well understood that animal models will have to be
used to conduct many of these experiments. At some point however, it
will be programatically prudent, and possibly ethically acceptable to
validate conclusions from the animal studies by experiments upon humans.
These experiments would include biopsies from people exposed to weight-
lessness for long periods, biopsies from others who have been "protected”
by proposed countermeasures, and then later more tissue biopsies after
varying periods of recovery. The alternative is to either take the risk
of using unproven techniques and countermeasures or to provide a suitable

one g environment for most of the round trip voyage to Mars.
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MANNED MARS MISSION
RADIATION ENVIRONMENT AND RADIOBIOLOGY

D. S. Nachtwey
Johnson Space Center
Houston, Texas

ABSTRACT

This paper discusses potential radiation hazards to crew members on
manned Mars missions. It deals briefly with radiation sources and
environments likely to be encountered during various phases of such
missions, providing quantitative estimates of these environments.

This paper also provides quantitative data and discussion on the
implications of such radiation on the human body. Various sorts of
protective measures are suggested. Recent re-evaluation of allowable
dose limits by the National Council of Radiation Protection is
discussed, and potential implications from such activity are assessed.

The crewmembers of a manned mission to Mars (MMM) will be
unavoidably exposed to ionizing radiation as they pass through the inner
trapped proton belt, the outer trapped electron belt, and through the
galactic cosmic ray (GCR) flux of interplanetary space. Moreover,
outside of the Earth's magnetosphere, there is the possibility for
exposure to proton radiation from solar particle events (SPE). On the
surface of Mars, the GCR and SPE fluxes will be less than half that of
free space because of the 2-pi shielding by the planetary mass and the
shielding provided by the thin Martian atmosphere. Some representative
dose equivalents in these regions are shown in Table 1.

1t should be emphasized that the 1listed dose equivalents are
approximate. In the future, as planning for MMMs matures, the depth-dose-
equivalent projections must be refined. These dose projections are
complex functions of the particle fluence, the charge and energy
(velocity) of the particles, the interaction of the primary particulate
radiation with the spacecraft material, the production of secondary
particles, body self-shielding, the ionization density or linear energy
transfer (LET) of the particle in tissue, relative biological
effectiveness {RBE) of different particles, and other factors. For many
of these factors, the uncertainties are large. The factor which is,
perhaps, the most uncertain is the RBE upon which is based the quality
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factor (Q) to be applied for radiological health risk assessment. Recent
experimental data indicate that high LET radiation such as in GCR may be
50 or so times as effective as low LET radiation such as the gamma and X-
rays to which the Japanese A-bomb survivors were exposed. Moreover, the
application of conventional radiological health practices to GCR is
likely not warranted. Before a Manned Mars Mission is attempted, the
radiological health risks must be refined and uncertainties reduced.

The implications of the approximate dose equivalents listed in Table
1 can still be considered in relationship to general radiological health
impacts. In Table 2, note that the doses to achieve a certain biological
end point must be given in a short time (hours) to be effective in
eliciting the response. If the dose is protracted over several days, 2.5
times the dose is required to elicit the response. If the exposure is
protracted over a very long time, the dose-response relationships shown
in the table are replaced by entirely different types of dose responses
resulting from hematological depression. With this in mind, a comparison
of the doses in Table 2 with those in Table 1 indicates that only in the
case of an anomalously large SPE (ALSPE) need we be concerned with the
potential for an immediate mission impact. Although such ALSPE are rare
events, having occurred only once or twice per 11-year solar cycle during
the past 3 solar cycles for which measurements are available, their
potentially serious effects dictate that they be protected against.
Moreover, it has been estimated that the dose rate for the August of '72
event could have been 10 times higher if it had occurred 4 days later
when the Sun's rotation would have placed the flare zone in a more
damaging location relative to the near-Earth vicinity.

Various possible means for the management of ALSPE risks during
travel 1in free space are as follows: (1) Schedule mission for period
around soclar minimum--there 1i1s about a 6-year period during which SPE's
are not expected to occur; {2) Shield spacecraft with nonfunctional
mass against the known worst-case event (August 1972) times a safety
factor to reflect the facts that (a) the August 1972 event would have
been worse if it had originated in the optimum region of the Sun, and
(b) it is not known how large an ALSPE can be; {3) Arrange stowage,
water tanks, and waste tanks to provide shielding as above using parasi-
tic shield mass only to fill the gaps; (4) Provide a storm cellar--a
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TABLE 2

EARLY EFFECTS OF ACUTE (LESS THAN 1 DAY) RADIATION C(IN RAD AT >5 CM)

. o e e
1ST DAY | 20-60 DAYS
ANOREXIA NAUSEA "VOMITING  DIARRHEA LETHALITY
Ebyo* 40 50 60 90 220
EDs5g 100 170 215 240 285
Ebgq 240 320 380 390 350

EARLY EFFECTS OF RADIATION GIVEN AT LOW RATE (4-6 DAYS)

*EFFECTIVE DOSE FOR 10. 50. OR 90 % OF A PO

CONSTRAINTS IN REM

1 YR AVERAGE DAILY RATE
30-DAY MAXIMUM
QUARTERLY MAXIMUM

YCARLY MAXIMUM

AS ABOVE X 2.5

ABOVE X2 J

TABLE 3
RADIATION EXPOSURE LIMITS

PULATION OF NORMAL PEOPLE.

CAREER LIMIT

ANAS

BNCRP

CVARIABLE DEPENDING ON AGE AT START OF EXPOSURE AND ON SEX.

SKIN EYE BONE
£0.1 MM) 8 M) 5 .cm)
NASA NCRPB NAS NCRP NAS NCRP
0.5 - 0.3 - 0.2 -
75 150 37 100 25 25
105 - 52 - 35 -
225 300 112 200 75 50
1200 600 600 400 400 100~-400¢€

NATIONAL ACADEMY OF SCIENCES. 1970, CURRENT OFFICIAL LIMITS.

NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS. 1986, RECOMMENDED

BY SCIENTIFIC COMMITTEE /5.

NOT YET OFFICIAL.

THE CAREER LIMITS CAN BE

APPROXIMATED BY 200 + 7.5 (AGE-30) FOR MALES AND 200 + 7.5 (AGE-38) FOR FEMALES.
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smaller region of the spacecraft which utilizes shielding from stowage,
tankage, and parasitic mass; and (5) Provide a group partial body
shield consisting of a cylinder inflatable up to a wall thickness of
about 20 cm with stored water. The cylinder in operation would surround
the torsos of the crewmen huddled back-to-back to improve shielding of
the blood forming organs (BF0O) in the spine. [During the August 1972
event, most of the dose (60%) was received in a 6-hour period. Conceiv-
ably a 12-hour stay in the "water bed" shield would be telerable.] This
crew shield concept could take different forms with a variety of
tradeoffs.

On the surface of Mars, one could shield against an ALSPE by using
only 10 cm (4 inches) of Martian soil, which, with a density of 3.5
g/cm3, would provide excellent shielding and reduce the skin dose from an
August 1972 event to below 1 rad. Conceivably an astronaut could cover
himself with soil as one does with sand at the beach or an astronaut
could insert an inflatable storm cellar into a crater on Mars and cover
it with soil by means of explosive charges.

In the case of an ALSPE occuring either in flight or on the Martian
surface, adequate warning will be required. The Earth-based optical
network currently used to warn STS astronauts of potential SPE will not
be able to view the region of the Sun which poses the greatest threat to
a Mars-bound spacecraft. A system comparable to NOAA's proposed Solar X-
ray Imager (SXI) will be required. Also, active, alarmed dosimeters will
be required to alert the crew of the arrival of the first particles.

Adequate protection against ALSPE must be provided to preclude
exceeding the official space radiation exposure limits: currently 25 rem
to the blood forming organs, 37 rem to the lens of the eye, and 75 rem to
the skin (Table 3). The 30-day limits are set to avoid immediate
radiological health impacts on a mission involving nausea, vomiting, etc.
After protection against immediate impacts, the remaining radiological
health issue concerns radiogenic stochastic effects, primarily cancer
induction.

Radiocarcinogenesis results from a combination of physical,
chemical, and biological events occurring over the years and with low
probability. The severity of cancer is independent of the dose received,
but the probability that cancer will occur increases with dose.
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Moreover, any radiation dose Increases the risk. Therefore, limits are
set based on an acceptable level of risk, not precluding any risk.

The current astronaut career radiation limits, which were published
in 1970, were based primarily upon radio—epidemiological data from
Hiroshima-Nagasaki A-bomb survivors. These data indicated that 400 rem
doubled the natural cancer risk for males between 35 and 55, ga group
comparable to astronauts. The risk was deemed acceptable considering the
other risks of space flight.

These limits are currently being reevaluated by Scientific Committee
75 of the National Council on Radiation Protection (NCARP) and measure-
ments in light of the following considerations: (1) The appreciation
of radiation-induced cancer risks has changed markedly since the earlier
guidelines were developed prior to 1970; (2) HZE particle effects were
not well known at that time and while they were deemed, in the early
1970's, to be unlikely to be limiting, the question needed reexamination
as soon as real experimental evidence became available; (3) Philosophies
relating to occupational risks, for example, comparisons with relative
risks in chemical industries and with risks of fatal accidents in"safe"
and "less than safe" industries; and (4) The numbers and the nature of
the people, including seéx, and the roles they are to perform and the
time they are to spend in space have also appreciably changed.

Sinclair (1984), President of NCRp, has discussed these boints in
some detail. The basic thrust of the reevaluation is embodied in the
following extended quote:

"Among the considerations which the committee will no
doubt discuss are the following. On Earth, we tend to
Compare the risks from occupational exposures of
radiation workers to the accidental fatality rates of
"safe" industries, which we consider to be 10_4/year or
less. . | Fatality rates for travel to and from work
are in the same range. , . However, many industries
described as 'legsg safe', but quite normal industries,
are in the range up to 10-3/year. - . and it may be
Justifjed to compare with them, Thus, it may be
appropriate to consider a lifetime risk of say 50 years
x 1073 op 5%.  This could be a limit which can be
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received in a space worker's lifetime, or after a
defined number of missions, if the dose or risk
permission 1is known. At low doses, which applied to
most space circumstance, 2 X 10“4/rad might be used as
the risk.”

Sinclair's considerations imply a career dose limit of 205 rem to
the organs susceptible to radiocarcinogenesis, which are essentially
encompassed within the blood forming organs or 5 cm dose. Sinclair's
risk factor of 2 x 10_4 cancer death/rad is admittedly rough.
Susceptibility varies with age at time of irradiation aud sex.

Since Sinclair's statement, NCRP Scientific Committeec 75 has refined
its' risk assessments and philosophy and is recomm:nding to the Council
as a whole the limits shown in Table 3. The tentative career limits for
the deep organs are predicated on a 3% lifetime risk of cancer mortality.
Because the risk per rem depends upon age at exposure and on sex, these
factors are considered.

The 3% lifetime mortality is comparable to the accidental death risk
incurred in careers in quite normal industries such as mining,
transportation, and agriculture, and is therefore deemed an acceptable
risk.

However, cancer incidence, in contrast to mortality, may be a more
important endpoint in that quality of life is impacted by contracting
cancer, even if cured. In short, risk factor estimates and
considerations of acceptable risk can be refined further. However, if
we accept a career dose of 200 rem, then the total estimated dose from
Table 1 for a reasonable 3-year MMM scenario does not exceed the career
limit for a 35-year old even with allowance for a number of previous low
Earth orbit missions in, for example, Space Station, where up to about 10
rem/90-day tour could be accumulated.

In conclusion, radiation concerns will not prohibit MMMs but must be
considered in the operation and the design of the spacecraft and the Mars
base. Moreover, NASA is committed to the radiation protection principle
of ALARA, that is, keeping doses As Low As Reasonably Achievable;
therefore, every reasonable effort should be made to reduce the total
dose~equivalent the crew will receive. Substantial effort will be
required to reduce the dose uncertaintites and thus reduce unnecessary
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shielding mass to achieve optimum radiological health protection

consistent with MMM goals.
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NATURAL RADIATION HAZARDS ON THE MANNED MARS MISSION
John R. Letaw, Rein Silberberg, C.H. Tsao

E.O0. Hulburt Center for Space Science
Naval Research Laboratory
Washington, DC

ABSTRACT

We consider the hazards of the natural radiation environment--cosmic
rays and solar energetic particles--on a manned mission to Mars. These
hazards are addressed in three different settings: (1) the flight to
Mars where astronauts are shielded only by the spacecraft, (2) on the
surface of Mars under an atmosphere of about 10 g/cm2 carbon dioxide, and
(3) under the surface of Mars where additional shielding would result.
INTRODUCTION

The manned mission to Mars is confronted with a high energy nuclear
radiation exposure two orders of magnitude greater than that encountered
on previous space missions. The dose rate is comparable to what Apollo
astronauts received on Moon missions; however, the flight duration is
expected to be about 3 years, or 100 times longer than the average 10 day
Moon mission. Longer space flights, such as Skylab, are not comparable
to the Mars mission because they were not exposed to the full force of
the radiation environment.

A baseline dose equivalent rate for the Mars spaceflight is 43
rem/year. This is based on a computation (Silberberg et al., 1984) of
the free space cosmic ray flux just under the surface (0.1 cm) of a 30 cm
diameter sphere of water. The natural radiation environment of Adams et
al. {1981) was used as a model of the cosmic ray flux (Z < 29) at solar
minimum. The model does not accurately predict free space cosmic ray
fluxes at energies < 10 MeV/nucleon, but these particles are removed by
very thin shielding. Particles surviving 0.1 cm of water originate at
energies above this limit.

The baseline dose as decribed here maintains a fairly continuous
intensity. The solar cycle introduces downside variations of about a
factor of 2 in integral fluxes above 150 MeV/nucleon, and up to a factor
of 10 in low energy fluxes. Aluminum shielding (4g/cm2) reduces the dose
to about 36 rem/year. Self-shielding of the spherical phantom reduces

the dose to about 24 rem/year at its center. The baseline dose is
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essentially inevitable. Energetic particles associated with solar flares
are the primary risk of higher dose rates. This risk is not presently
quantified and is strongly dependent on shielding.

The expected dose equivalent rate on the surface of Mars is reduced
from the baseline a factor of 2 by shielding with the planet's mass.
Further attenuation results from atmospheric shielding. For an assumed
vertical atmospheric depth of 10 g/cmz the dose equivalent rate due to
cosmic ray primaries is estimated to be 10 rem/year. Neutrons should not
be an appreciable fraction of the dose at this depth - we guess neutrons
would increase the surface dose by no more than 25%. We suggest the
surface dose equivalent is 12 rem/year.

Under Martian soil, the dose continues to fall, perhaps by a factor

of 2 from the surface to 20 g/cm2 (” 10 cm) below the surface. Another

reduction by a factor of 2 can be expected down to 60 g/cm2 (" 30 cm)
below the surface. At this depth, neutrons dominate the dose equivalent
and further reductions are not so rapid. We have not estimated the

neutron dose under the surface.

CONCEPTS: THE NATURAL RADIATION ENVIRONMENT

The natural radiation environment encountered on a mission to Mars
consists primarily of galactic cosmic rays and solar energetic particles.

Galactic Cosmic Rays: (a) Mostly protons, 10% He, 1% heavier ions;
(b) Hard spectrum (E-2.2 for protons); (c) Relatively constant inten-
sity (factor of 2-3 variation with solar cycle); and (d) High energy
(mean about 2 GeV/nucleon).

Solar Energetic Particles: (a) Mostly protons, variable heavy ion
composition usually not as rich as cosmic rays; (b) Soft spectrum (E-5
or so for protons); (c) Widely varying intensity (many orders of magni-
tude); (d) Low energy (mean < 100 MeV/nucleon); and (e) Unpredictable.

Figure 1 shows the differential proton energy spectrum for cosmic
rays at solar minimum and solar maximum, and for a large solar event (4-7
Aug 1972). The cosmic ray spectra are integrated over a week, while the
solar protons are integrated over the flare duration. Above a few
GeV/nucleon there is no solar cycle variation. Low energy fluxes vary by
up to a factor of 10. Integral fluxes above 100 MeV/ nucleon vary by

factors of 2 or 3.
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How well do we understand the environment? We can predict the
galactic cosmic ray fluxes to within a factor of 2, well ahead of time.
After the fact, much better estimates of the accumulated dose should be
possible by examination of data from satellite-borne particle monitors.
There is no complete engineering model of the risks associated with solar
energetic particles. Important factors in such a model would be peak
intensity, duration, energy spectrum, heavy ion enrichment, and time-
intensity profile. All of these factors are critical for estimates of
the biological risks of solar energetic particles.

It 1is worth noting that we are interested in the natural particle
environment in the vicinity of Mars. This differs in several ways from
the environment around Earth. The cosmic ray flux at 1.5 AU is somewhat
greater than at Earth. Measurements from Pioneer 10 and 11 (McKibben et
al. 1983) show radial gradients of 3-4%/AU at solar minimum at energies >
67 MeV. Below this energy, variations of up to 15%/AU have been observed.
Mars also has a negligible magnetic field. The associated magnetic
rigidity cutoff, which protects astronauts in low inclination orbits
around Earth from most cosmic rays, is missing. 1In addition, there is no
trapped radiation presenting a risk of high dose in Mars orbit.

CONCEPTS: PARTICLE TRANSPORT AND SHIELDING

Astronauts are never exposed to free space radiation intensities.
In addition to the shielding provided by space vehicles and suits, self-
shielding provides some protection. An example of self-shielding is
shown in Figure 2. This is the pathlength distribution 0.1 cm below the
surface of a 30 cm spherical phantom as used in computing the baseline
dose in free space. Figure 2 shows an exposure of 3.16 steradians
through less than 0.2 cm shielding. On the other hand, cosmic rays are
shielded by between 6.0 and 30 cm of water (uniformly distributed) over
40% of the solid angle.

We would like to understand the properties of shielding to guide us
in defining structures and procedures for protecting astronauts from
space radiation. To understand the effects of shielding, we must under-
stand the transport of high energy nuclei in materials. Much work has
been done in this field (see, for example, Letaw et al. 1984, Letaw et
al. 1983, Silberberg and Tsao 1973). We briefly explore several concepts
below.
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There are two important mechanisms for degrading high energy
particle fluxes in matter: (1) ionjzation loss, and (2) nuclear frag-
mentation. Ionization loss is a continuous slowing down of charged parti-
cles introduced by their collisions with atoms. It effectively gives the
charged particles a finite and well-defined range in materials. Table 1
shows the ranges of several ions at several energies in water, aluminum,
and carbon dioxide. The table shows that: (a) Shielding materials
consisting of lighter atoms are more effective at stopping fast ions, and
(b) A few g/cm2 of shielding has essentially no effect on most cosmic
rays (> 1 GeV/N), but stops the heavy ions (and much of the proton flux)
from solar energetic particle events.

Table 2 shows approximate interaction mean free paths for several
ions in several materials. Unlike ionization loss rates, the interaction
mean free paths are roughly independent of energy. Table 2 shows that:
(a) Shielding materials consisting of lighter atoms are effective at
degrading heavy ions by fragmentation, and (b) At some energy below 1
GeV/nucleon, nuclear fragmentation is a more efficient degradation
mechanism than ionization loss.

One additional factor not comprehended in the Tables is the buildup
of neutrons. Especially in materials of high molecular weight, neutrons
are released from the target nuclei in ion interactions. The majority of
the neutrons are released in proton nucleus interactions. Neutron build-
up is Dbest treated with an intranuclear cascade code (for example,
Armstrong and Chandler, 1972).

CONCEPTS: DOSE ESTIMATION

Particle transport codes give high energy particle fluxes at any
point within a structure or a body. The biological effects of this
radiation are estimated by computing the rate of energy deposition by
each particle type at each energy. A quality factor compensates for the
increased damage associated with higher density of energy deposition. We

use the following integral to compute dose equivalent:
D(S) = J(S) Q(S) s ds
where J(S) is the flux of particles having LET of S and Q(S) is the

quality factor associated with LET of S.

Q(s) = 1 S < 35 MeV/(g/cm2)
0.07280.74 35 < S < 2000
20 S > 2000
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TABLE 1
RANGES OF IONS IN MATERIALS (G/CM2)

H20 CO2 Al

H : 30 MeV/N 0.9 1.0 1.2
100 MeV/N 7.7 8.9 10.0

1 GeV/N 330.0 370.0 410.0

10 GeV/N 4700.0 5100.0 5800.0

c : 30 MeV/N 0.3 0.3%5 0.4
100 MeV/N 2.6 3.0 3.3

1 GeV/N 110.0 120.0 140.0

10 GeV/N 1600.0 1700.0 1900.0

Mg : 30 MeV/N 0.16 0.18 0.21
100 MeV/N 1.3 1.5 1.7

1 GeV/N 54.0 61.0 68.0

10 GeV/N 780.0 840.0 950.0
Fe : 30 MeV/N 0.09 0.11 0.12
100 MeV/N 0.67 0.78 0.90

1 GeV/N 27.0 30.0 33.0

10 GeV/N 380.0 410.0 470.0

Note: This table is based on theoretical calculations and empirical fits
known to be approximately correct. It has not been checked explicitly
against measurements.

TABLE 2
INTERACTION MEAN FREE PATHS OF IONS IN MATERIALS (G/CM2)
H,0 co,, Al
H 74 84 99
He 36 40 51
C 19 25 34
Mg 13 18 25
Fe 8 11 16

All values are given at 1 GeV/nucleon. Variations of up to a factor of 2
occur at lower energies down to 10 MeV/nucleon. Little variation occurs
above 1 Gev/N.

Note: This table is based on theoretical calculations and empirical fits
known to be approximately correct. It has not been checked explicitly
against measurements.
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This is our parameterization. Note that relativistic protons have §
= 2, relativistic C has S = 72, slow protons (a few MeV) have S = 100,
relativistic Fe has S = 1400, and all cosmic rays of interest have S <
105.

It is important to note that relativistic Fe is thousands of times
more damaging than relativistic protons (using our quality factor). Slow
Fe, for example from a heavy ion rich solar flare, 1is tens of thousands
of times more damaging than the minimum ionizing particles. We emphasize
the most effective shielding is the (approximately) 5 g/cm2 needed to
eliminate heavy ions from solar flares and low energy cosmic rays.
RESULTS

We have previously (Silberberg et al. 1984) calculated the dose
equivalent rate to a 30 cm spherical phantom at various depths. Results
are shown in Figures 3 and 4. Figure 3 shows the free space exposure. A
rate of 36 rem is taken from the 0.1 cm depth. To this is added an
estimated neutron dose of 7 rem to give our baseline of 43 rem. Figure 4
is the same dose calculation except under 4 g/cm2 aluminum shielding.
This shielding thickness is thought to be typical of spacecraft. The
maximum cosmic ray dose in Figure 4 is 26 rem, to which we add 10 rem for
neutron buildup in the shielding. Little reduction in dose is associated
with shielding.

Figure 5 shows the relative contributions of various charge groups
to the dose equivalent. Note that heavy ions are the most 1important
component of the dose at all depths.

During the writing of this report, we have recomputed the baseline
dose 1in free space. This recalculation was suggested by the many
improvements in our transport codes and particle environment models over
the past few years. We quote a preliminary result of 47 rem for the
cosmic ray primary dose, to which must be added 7 rem from neutrons.
Thus the baseline dose may be as high as 54 ren. We emphasize the
preliminary nature of this result which is given as a guide to the uncer-
tainty of our calculations.

Figure 6 shows the dose equivalent rate (per solid angle) at slab
depths of up to 60 g/sz COZ' Cosmic rays at solar minimum in the charge
range Z < 29 were used as the incident flux. The "zero" depth point 1is
actually under 0.1 g/cm2 so very low energy fluxes have been removed.
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Figure 7 shows the pathlength distribution in the martian atmosphere.
Since the vertical depth is variable and uncertain, the function is
described in terms of fractions of this pathlength. An atmospheric scale
height of 10 km was used to determine the distribution, though the
results are insensitive to the scale height. Combining Figures 6 and 7
(with an overall factor of 2 pi steradians) gives a total cosmic ray dose

at the planet's surface of 10 rem/year. We estimate a contribution of
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SOCIO/PSYCHOLOGICAL ISSUES FOR A MARS MISSION
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ABSTRACT

This paper addresses some of the socio/psychological problems
expected to accompany such a long-duration mission as a trip to Mars.
The emphasis is on those issues which are expected to have a bearing on
crew performance.

Results from research into aircraft accidents, particularly those
related to pilot performance, are discussed briefly, as a limited analog
to space flight. Significant comparisons are also made to some aspects
of long-duration antarctic stays, submarine missions, and oceanographic
vessel voyages. Appropriate lessons learned from U.S. and Russian space
flight experiences are provided throughout the paper.

Design of space missions and systems to enhance crew performance is
discussed at length, considering factors external and internal to the
crew. The importance of incorporating such design factors early in the
design process is stressed.

INTRODUCTION

A manned mission to Mars is expected to last some 600 days. Forty
days would be spent on the planet and the round trip would take some 280
days each way. Such a mission would require a high level of investment
and consequently would carry expectations of a good return. The crew
would be the focus--the hand of man--in this first direct human touch on
this distant planet.

The socio/psychological problems that need to be addressed for such
a long mission to such a distant planet are the issues related to crew
performance. The acceptable range of performance will vary from a non-
negotiable criteria for survival to high productivity, both while at Mars
and on the trip to and from the planet. The approach is to explore the
areas susceptible to planning and design that will sustain the crews and
optimize their performance.

PERFORMANCE
Crew performance, in its simplest definition, means that the crews

will be able to carry out the mission objectives successfully and will
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complete the entire trip safely. Enhanced performance implies that the
crew will not only do all that is expected well, but they will also be
able to do things that were not planned for and which clearly enhance the
mission outcome. The foundations for such crew performance are those
which foster crew members who are alert, attentive, viéilant, motivated,
flexible, skilled, knowledgeable, aware of and understand the mission
goals and spacecraft systems, able to successfully operate and maintain
the equipment during the entire mission, and are capable of functioning
effectively as a small team.

Of course it would be unreasonable to expect a mission of this
length and type to be without any problems. With this as a basic posi-
tion, the high level of performance is set as an ideal goal, and planning
and design should focus upon the optimization of that goal given the
knowledge, funding, and resources available.

The job to be done in the planning phase relative to crew perfor-
mance, then, is to determine the levels of performance that can be
reasonably expected on the flight, to identify the design features and
operational approaches that can be developed to achieve those standards,
and to establish methods within the program structure for the design and
development of the hardware, training, and operations that will

effectively include these features.

ANALOGS

PILOT ERROR

Space flights have been enormously successful, and thus it is easy
to assume that the procedures used in the past are more than sufficient
to the task of preparing for a Mars mission. A Mars mission is different
from our past experiences in a number of fundamental ways which makes
this an untenable assumption. First, the trip to Mars is far longer than
any mission ever undertaken in space. It includes a descent to the
planet, operations on the planet, and return to the mother ship that will
demand the maintenance of complex landing, ascent, and docking skills.
It will require dependence on high levels of automation. It will require
a high degree of interpersonal and group living skills.

Though flying a modern commercial jet airplane is not an exact

replica of such a mission, there is much that can be learned from the
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intense work that has been done in looking at the human factors that are
related to accidents.

The first thing we find is that the human factors are a major
ingredient in accidents. We also find that though automation solves some
of these problems, it can cause other problems. It is also extremely
clear that the human factor is extremely complex, and is not accessible
from simple common sense examinations. First we need to ask the right
questions, then devise ways to seek answers, and finally we will be ready
to ask how we can optimize performance.

In the early research into aircraft accidents, the question that was
asked was "what went wrong, or what happened?" The next set of questions
begin to explore "why?" These need to be followed by "what goes wrong?"
and "why?" Some of the arcas that have been found to be related to
accidents have been identified in a recent book on pilot error, and
include: (1) Human perception, information processing, attention,
decision making, and action; (2) Visual illusions as related to refrac-
tion, textures, and autokinetics; (3) Assumptions when related to
expectancy, anxiety, focus of attention, and as related to periods of
high concentration; (4) Habits; (5) Motivation with its level and
direction; (6) Stress and stressful environments; (7) Fatigue; (8)
Workload; {9) Judgement; (10) Failures of automatic equipment; (11)
Failures of automatic equipment compounded by crew error; (12) Failure
to monitor; (13) Loss of proficiency; (14) Lack of proper vigilance;
(15) Crew coordination; (16) Confusing documentation; (17) Workplace
design; {18) Displays; {19) Software; {20) Cockpit discipline and
professionalism; (21) Command as leadership or intimidation; and (22)
Communication. (see Hurst, PILOT ERROR, NY: Aronson, 1982)

This research into aircraft accidents, and consequently pilot per-
formance, shows a very complicated set of variables that occur in very
dynamic contexts. It also demonstrates dramatically that the performance
of the person inside of and running a complex machine needs to be
examined with as much intensity, rigor, dispassion, detachment, and
objectivity as any other system in that machine. Because a person can
adapt, does not mean they always will, or that their capacity to do so is
unlimited. What has been found in this field is that when a professional
approach 1is taken to the understanding of the person as a legitimate
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subsystem interfacing with many other subsystems, much can be done to
optimize the performance of both the machine and the person--total system
optimization can be enhanced. Any serious attempt to develop the
elements required for a Mars mission will need to include a thorough
immersion and understanding of the work that has been done in this field.
PRECEDENTS

The most obvious precedents to a Mars mission are the very long
Soviet missions on their Salyut Space Stations. The record to date is
237 days. Crews showed that they could perform successfully for that
amount of time, though many problems were identified. As these missions
have become longer and longer, the Russians have gradually enhanced the
design of the station, the communications, the types of supplies, and the
daily operational schedules. They still have much to do, but they have
clearly shown progress. Any serious planning for a mission to Mars would
need to evaluate carefully the lessons learned on these flights. It
should be noted that the Russians have found that the provisions they
have made for the socio/psychological factors have been extremely impor-
tant in maintaining crew performance.

Other analogs, such as long stays at the Antarctic, nuclear sub-
marine patrols that last for 90 days or more, oceanographic research
vessel voyages, etc., also provide much valuable insight into the factors
related to the performance of people in isolated and confined environ-
ments for long periods of time. One important outcome of the examination
of these analogs, however, is the point that isolation and confinement,
per se, do not usually cause dysfunctional performance on the part of
crews. Rather, isolation and confinement exacerbates conditions that are
stressful or error generating, acting as a catalyst which makes difficult
conditions much worse than they would be in any other environment. This
leads us to the need to consider the factors related to the generation of
stress, error, and otherwise dysfunctional performance with the assump-
tion that once identified, many of the factors can be attenuated through
design, training, and planning. The range of experience and research to
draw upon thus extends beyond that found in isolated and confined
environments to the whole realm of performance, productivity, error, and

stress.
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THE CONTEXTUAL APPROACH

There are two levels of context to be taken into account in
designing to enhance performance. The first is the context of the
mission itself, meaning the spacecraft, the crew, the operations, etc.
The second is the context of the design process that generates the space-
craft, the mission objectives, the operations, etc.

Any study of the work to be done relative to performance, produc-
tivity, error, and stress, requires a systematic approach which will
ensure the results will be pertinent to a Mars mission. The space
environment is sig